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ABSTRACT

Gaseous oxygen (GOX) must be stored at pressures up to
24 MPa (3500 psi) to provide the flow rates required to
suppeort the metabolic needs of a d ver. A review of the
literature concerned with materials compatibility in pres-
surized oxygen systems was conducted, with emphasis on
metallic structural materials. Review of experimental and
theoretical work con combustion of austenitic stainless steels .
and nickel-copper allovs revealed a consensus that Monel
nomiral (63% Ni - 34% Cu) is preferred in high pressure
oxygen systems, when its strength and weight are acceptable.
At the intermediate pressures, 0.7 to 10.3 MPa (100 to 1500
psi), the relative safety of stainless steel as a structural '
material 1s unclear. The testing methods reviewedlwere
friction rubbing, particle impact, fresh metal exposure to
heated flowihg GOX, promoted ignition and resonance. An
experimental apparatus was used to simulate the conditions
of GOX flow found in an operational diving set and to compare
the flame propagation rates for austenitic stainless steel
(AISI 316), Monel (63% Ni - 24% Cu) and carbon steel (AMS 5050)

tubing in this environment.
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I. INTRODUCTION

A diving system must store and deliver in metered gquanti-
ties varying breathing mixtures to support the metabolic GOX
requirement that underwater search salvage and construction
place on a diver. The exact percentage of oxygen in the
breathing gas mixture is determired by the intended mission
and environmental conditions of a specific diving task.
Mixtures range from 3% oxygen - 97% helium to 100% oxygen.

The respiratory minute volume (the product of the tidal
volume of the human lung times the number of respirations per
minut2) gives a consumption rate for the oxygen. This rate
may vary from 0.5 to 4.0 standard liters per minute (SLPM)

‘ depending on the exertion rate of the diver. When long
distance swimming or deep ocean work is involved the hign
exertion levels combine with the restricted oxygen stcrage
space availability to dictate that pressures in excess of 20.7

E MPa (3000 psi) be used in the storage of oxygen. The higher

E pressure levels allow storage of the required volumes but

§; result in material compatibility problems. Storage vessels,

ciping or tubing for delivery and pressure reduction and

- regulation equipment are required tc be constructed of

materials wnhich are able to support large interral and

ad
~
k. . . o . .
.- external loads while providing corrosion resistance as well
3
f as resistance to 1ignition and combustion in an oxygen
r"
1 environmert.
-
k‘ 11
“‘.
b
Y
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Catastrophic failures within an oxygen system often
destroy the system (see Figure 2.1), thus limiting failure
analysis. The impact of an oxygen system failure is at least
the loss of oxygen supply to the diver with the possibility
that a total conflagration will consume the diver, and/or the
entire system. Such dire consequences and the difficulties
experienced in determining the cause of an oxygen fire mandate
careful design of all diving systems. Design critsria must
include strict specification of the materials for the construc-
tion of the equipment. Only certain ronmetals and metals are
recognized as being compatible with oxvgen service.

This research was conducted as a review of the open
literature. Informetion concerning the compatibility of
metals with pressurized GOX was criticelly reviewed. Attempts
to quantify the relative resistance of specific alloys to
igniticn and combustion were of special interest. The init:ial
review revealed a lack of a uniform theorv - one which can
quantitatively cover all metals ignition and combustion pro-
cesses and successfully rank metals for a variety of applica-
tions. The experimental evidence is confused and in many
instances conflicting due in a large part to the mvriad of
testing procedures adcpted. Markstein in 1963 [Ref. 1], found
a lack of understanding of combustion in bulk metals due to
a "relatively small research effort” and "certain distinct
aspects of metal combustion." Presently, the lack of an
lntegrated test procedure is responsible for the conflicting
results found in the more recent research.
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This confusion about and the variance in the ordering
of metals and alloys with respect to their ignition and
combustion succeptibility., has resulted in a tendency to
conduct specific testing of design configurations. A worst
case scenario is devised and a safety factor applied to the
testing conditiorns. This approach does not offer a theoreti-
cal solutior which will effectively describe bulk metal
igniticon arc combustion: rather it supplies an engineering
acceptance criterion for one application.

Currently, the National Aeronautics and Space Administra-
tior (NASA), the National Bureau of Standards (NBS), the
Japanese government and industry in addition to many indepen-
dent researchers are attempting to develop a coherent theory
of bulk metal ignition and combustion. From the literature
surveyed, the majority of experimental procedures attempted
were conducted in static pressure environments. Reports of
burn rates for flowing systems are sparse. In this work, an
experimental apparatus was used to simulate the flow conditions
found in an operational diving set when i1gnition from an unknown
source opens the interior of tubing carrying GOX under pressure

to atmospheric pressure. A comparison was conducted of the

o]
Q

rocpagation rates for combustior ¢f the tubing in such a

system for AIST 316 austenitic stainless steel, Monel (63% Ni -

[N

4% Cu), and AMS 5050 carbon steel.
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II. LITERATURE REVIEW

Early research into metal combustion was spurred by
attempts to utilize the high level cf energy released in the
with its source

rapid oxidation of metals. The flashbulb,

of light being the combustion of a metal, was one of the
first utilizations and was followed by research into the
combustion of powdered metals as a source of high temperature
flame. The advent of life support systems and the move to the
use of propulsion oxidizers in the aerospace industry has
continued the emphasis on research in the ignition and combus-
tion processes of metals [Ref. 2].

Oxygen systems safety has been studied extensively by the
U.S. Bureau of Mines since 1923. Abroad guidelines on the use
of steel pipelines in compressed gas applications including
oxygen systems were issued by the Reichminister of Industry
and the Reichminister of Labor in Germany in 1942, which
demonstrates the long standing concern with oxygen system
iRef.

safety 37.

More recently, the Defence Metals Information Center

Ref. 4], the National Aeronautics and Space Administration,

'Ref. 5], and the Department of Energy [Ref. 6], have

commissioned extensive literature reviews and sponsored
additional research into the ignition and combustion of

metals in oxygen environments.
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The U.S. Navy has commissioned two recent reviews - one
by Purcell and Kreidt in 1969, and one by Hersh in 1974 - in
addition to sponsoring investigations into several oxygen
fires, all with a primary goal of daefining the compatibility

of metals with oxygen service.

A. RANKING OF METALS

All literature reviews conclude that there is confusion
as to the ranking of metals with respect to their compatibility
with oxygen. An example of the confusion is shown in Table I
which compares the results of earlier (unpublished) work done
at Linde with the work done by Dean ané Thompson [Ref. 8].
Note the reversal of the respective position of Aluminum.
Dean and Thompson rank Aluminum at the top of their list
(most resistant), while in the promcted ignition tests at 13.8
MPa (2000 psi) Aluminum was ranked as the least resistant to
ignition and combusion. Nihart and Smith, in reporting their

experimental results (see Table II) have developed their own

ranking of metals in order of resistance to ignition and

ffj combustion.

ii' The difference in ranking of various metals between DCean
5 and Thompson'sl and Nihart and Smith's test results can be
;{. attributed o the differences in methods and objectives of

® their respective research. Nihart and Smith were concerned

- “Dean and Thompson do not specifically rank their results
in tabular form but instead present graphical data and draw
concliusicns from the graphs.
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3
TABLE I o
e
Relative Ranking of the Resistance of Metals and Alloys ]
To Igniticn and Combustion Based on Different Authors anrd y
Test Methods; Reproduced from Nihart and Smith [Ref. 9] |
- Dean and (3 : -
4 Thompson "’ Velocity Impact Promoted Ignition ﬂ
# 50-800 psi 50-100 psi 2000 ps' 91
3 .
¢ Aluminum **Monel **Monel 0
N Nickel A **K-Monel **Inconel 600 S
£ *Hastelloy C ***Tobin bronze **Monel S -
**Monel Copper ***Tobin bronze
*Hastelloy X Steel **Duranickeil
**Tnconel X 18-8 stainless *****Ampco alloy
steel No. 15
*Hastelloy R Aluminum **Permanickel
Ccpper **K-monel
*Haynes 25 *Hastelloy R-235
*Multimet Maraging Steel
18-8 Stainless Steel Beryllium
Copper
Other Stainless Steel *kxkk*plgiloy
Carbon Steel ****Rene' 41
Titanium **Tnconel X-750
‘ *Multimet

*Hastelloy X
*Haynes 25
***Eyerdur
18-8 Stainless
Steel
Aluminum

TRADEMARKS

*Union Carbide Corporation, Stellite Division
**The International Nickel Company, Inc.
***Anaconda American Brass Company
****General Electric Company
****k*Ampco Metal, Inc.
***x*x**Elgin National Watch Company
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TABLE II

Results of Nihart and Smith [Ref. 9] Promoted Ignition
Tests Conducted in a Static 7500 psi Oxygen Environment

Metal or Alloy

Weight of Neoprene to
Completely Combust
Standard Specimen

-

S5 mm X 30 mm x 0.005"

2ok,

Gold Only melts
Silver Only melts
Nickel 48 to 56 mg
Monel alloy 400 18 to 19 mg
Yellow Brass (partial combustion 11.8 to 15.2 mg
only)
Inconel alloy 600 13.2 mg
Aluminum 11.0 to 16.4 mg ]
Copper 10.5 mg .
Inconel alloy X-750 9.0 mg j
Stainless Steels 7.1 to 8.5 mg T

Estimated from results of a number of tests which were
either standard with only part of the specimen consumed
or were not standard and either complete or partial
combustion occurred.
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with the possible ignitiorn of a storage system that would
maintain a 51.7 MPa (7500 psi) internal pressure cf GCX.

They considered several testing methods, finally deciding

on a promoted ignition test within a combustion bomb charced

to a static internal oxygen pressure cf 51.7 MPa (7500 psi).

o

La

Dean and Thompson were concerned with a rocket motor combus-

oo

tion chamber where structural metals would experience extended

N
2

.
.

yares

periods of exposure to hignh temperatures. Their method of

R

testing involved resistance heating of different metal tubing

types in a flowing system, which had various gas mixtures
flowing over the exterior of the test specimens. A detailed

analysis of the differences in these results can be found in

Ref. 7.

The significance of the variation in the ranking of
metals within these two research efforts 1is simply that the
method of testing was decided upon with a specific configura-

tion in minc. An inherent prcblem in much of the reportec

work is the tendency to conduct tests which will quantify B
‘2 K
- compatipility of 3specific metals for an interded application, ‘
- .
; which often precludes corrparison of results. 7,
t‘. - . . ) . ) ° 9
3 An zdditional contricuting problem with research irto 1
A8
[ metals compatipdility with oxvgen 15 the tendency for ]
- X
.- proprietary rights to discourage cpen publication of i
> . -, -
commercially-backed research. -
b
¥
d . = 9
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P
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B. METHOD OF IGNITION

The chemical kinetics and the mode of heat transfer of
the rapid oxidation products are dependent on the method by
which energy is added to the system. The experimental
procedures used 1n studying metal ignition reflect the
variety, and individual investigators evaluation of the
significance of a specific ig¢gnition source. It is useful to
review results within the appropriate categery of ignition
sources. This assoclates research which shares the same
basic assumpticons. A listing of the major categories of
ignition sources -onsidered in this review is given in

Table III.

TABLE III

SOURCES QOF IGNITION ENERGY

. Kinetic Energy of Gas or Entrained Particles
Friction

. Foreign Material/Softgoods Ignition
Resistance (Joule) Heating

. Resonance

Mechanical Impact

N U B W N

Table III 1s not as comprehensive as that produced ov

Benz (Ref. 15] and Stolfzfus,“ but it does encompasz the

methods chosen by a steering committee that 1s currently

direciing research 1nto the ignitability of metals in oxvgen.

dSee Table VII.
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C. RESEARCH RESULTS GROUPED BY THEIR IGNITION SOURCES

1. Kinetic Energy of Gas or Entrained Particies

The early work of Nihart and Smith [Ref. 3] included
testing of the possibility of heating the entrained GOX in a
system via adiabatic compression of the gas. An example of
adiabatic compression would be the result of the rapid opening

of a valve with a large pressure differential betwzen the up-

stream and downstream sections with the downstream section

dead-ended. Theoretical calculation of the temperature rise
that would accompany a very rapid compression 1is based on the
assumption that GOX behaves like a perfect gas. Therefore,
Equation 3.1 should predict the temperature rise of the gas

in a piping system that experiences a rapid compression.

T N-1/ (egn 3.1)

2/Tl = (P2/Pl) N
The temperatures which are theoretically obtainable are
graphed 1n Figure 3.l1. For a sudden rise in pressure frcm
ambient to 48.2 MPa (7000 psi) the temperature predicted
would be above 1400°C, which is at or above the predicted
lgnition temperatures of several metals when they are exposed
to pure oxygen at high pressures. Nihart and Smith intended
to test the ability of adiabatic compression to ralse the
temperature of metals to their ignition peoints. However, in
preliminary testing which involved pressurizing a 1.3 m (51

inch) section of 0.8 cm (5/16 inch) diameter pipe from ambient

pressure to 45.8 MPa (6650 ps1i; the maximum temperature

21
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Figure 3.1. Theoretical Temperature Attained
by Adiabatic Compression Taken from
{Ref. 9]

~0

attained was 375 C, approximately 1/3 of the theoretical

predicticn. The assumption of an adiabatic compression and
the treatment of oxycen as a perfect gas, which does not

change 1ts specific heat 1n rapicd compression, was an over
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simplification. The mixing of the compressing gas with the
gas in the pipe prior to compression and the chancging value
of the specific heat of oxygen with pressure invalidate the
assumption of dieseling (rapid adiabatic compression) as a
source of temperatures in the rarge that would ignite metals.
The temperatures attainable are well within the range which
would ignite nonmetal components as Nihart and Smith found
in testing Kel-F8l, Viton A and virgin Teflon (all commonly
found softgeoods in oxygen systems). Therefore, dieseling is
not a direct ignition hazard to metals but may ignite compo-
nents of an oxygen system and lead to the rupture of the
structural metal and possible ignition. [Ref. 9]

Most researchers recommendation, that any valve
installed in an oxygen system be "slow acting"” is a conscious
safety precautior. that 1s accepted by all military and civilian
cdesigners and operators of pressurized oxygen svstems. It is
valid and necessary and should be incorporated into any design
manual or operating procedure established by any diving
authority.

deJessy [Ref. 10] acddressed the affect of a change
in the specific heat of oxycen ard concluded that dieseling
was a source of 1lgnition of softgoods or contaminates onlv.
His research effort then centered on the possible temperature
rise in piping due to particle abrasion or impact. To test
the possibility that particle abrasion could produce tempe-

ratures which could ignite matals deJessey developed an

23
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initial trial section which included a large spiral followed

Ek i;'n D
et . '
o

by a plexiglass chamber. By injecting carbon steel balls

individually (each one 0.3 mm in diameter) and accelerzating

e s Al A

them with the GOX flow th=zir temperature rise could be

measured by the color they exhibited while passing throuch
the plexiglass chamber. At speeds of 300 m/s (1000 ft/s) the

carbon steel balls where seen tc glow red hot. This result

;
4
1
]
4
<
<

encouraged the construction of a more elaborate test rig with
multiple bends. tees, and small radius (2.5 x diameter) curves.
The testing was all done on carbon steel pipe as the research
was aimed at determining the maximum flow velocity which would
be acceptable 1n long distance COX pipelines passing from one
industrial center to another through the French countrvside.
deJessy was only able to ignite carbon steel pipe of diameter
3.0 cm (1.2 inches) with steel cuttings as the particles in-
jected. He concluded that there was no direct danger from

particle abrasion as the normal construction and maintenance

. of oxygen pipelines should eliminate all contaminates that
;  would be capable of ignition themselves or of igniting the
- .
E steel pipeline. Industrial experience suggested to deJessy
.
r: that care in installation and an inert gas flush prior to the
.
- first use of the pipeline would render carbon steel pipelines
* -
S . . .
- safe for a velocity up to 69 m/s {180 ft/s), a conservative
@
" maximum. [Ref. 10]
;: i In the middle 1960's German industrial pipelines were
b
- buzlt and used under the earlier cited regulations, which
L
&
>
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restricted the velocity of GCX 1in carbon steel rpirelires to

2 m/s (26 ft/s). Wegener [Ref. 3] conducted numerous experi-
ments simulating the introducticn of cortaminate narticles
into a flowing stream of CGOX where restrictions ard short
radius pends would result irn heating due to friction arnd
impingement. The apparatus utilized bv Wegerer allowed the
injecticn of particles of contaminates into lonc (40m) trial
sections via a bypass section which could be isolated and

lcaded with 1-3 kg of the solid contaminate. This experiment

h

was conducted using mass introduction ¢f contaminate vice the
sirgle particle injection technicue. Control of the inls=t
cressures and the velocitv of the GOX at the irlet allcwed
repeated trials with a variety of contaminates that variegd
from nonorganic sand to coke and stone coal. The results »f
Wecener's work can be seen in Figures 3.2 and 3.3.

The 1ncrzanic solids were safe at pressures up to 23

ATM (412 ns1i) and a velocity of 53 m/s (174 ft/s). Wit

welding cinder ard coke, icnition of the entrained particles

occurred 2t a velocity as low a3 13 m/s (42.9 ft/s). This

rasult stresses the 1mportance of flushina an installation of
. . . . !
nipe .ith inert <cas pricr to nlacirag it into service. -
Wegener was urnable to nradicht precisely the srnercv s
nput into the s3vstem as turbulerns flow and mass inj2ction ,

1
~»f the contaminate precludes the direct calculation of the :
inetic energy of each particle. The measurement of the :

-
sneros input which rprodiusos 27 1anition i3 critical ir the ]
4
|
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development of a theoretical solution. Thus, mass particle ]
injection may simulate possible conditions in an operating
systems but it does not lend itself to a theoretical treatment -9
of bulk metal ignition.3

Heinicke recorded similar results to those of Wegener

{Ref. 11], utilizing curved test sections. He observed no ?W
reaction from inorganic contaminates but spark and fire pro- ?
duction in powdered 1iron and mill cinder test (see Figure _i
3.4). Lf
Heinicke defines tribomechanical stress as producing
a state of lattice distortion which allows rapid oxidation ;;
|

and an "ensemble effect", which in turn produces temperatures
capable of igniting steel pipe. This result is based on

earlier work by Heinicke [Ref. 12] where he reports a change

e e ol o

-

in the activation energy of iron in oxidation by oxygen from

0.16 Kcal/mol when a tribochemical reaction was present versus
the standard value of 13 Kcal/mol under normal nonfrictionally
stressed conditions. [Ref. 11]

As a result of his investigations Heinicke recommended
that an inert gas flush may not be complete enough when a GOX
production facility is started up for the first time; rather
the combination of an inert gas flush followed by a mixture

of 10% oxygen and an inert gas should be used.

_ 3Wegener experienced several blowouts/fires which always
t occurred after an elbow but he did not see combustion
progressing in the opposite direction to the flow.

28
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Bates and Monroe et. al. [Ref. 6] at the Southern

[

Research Institute were commissioned by the Department of
Energy to study the feasibility of and the material compati-
bility problems involved in producing compressors for high

BTU gas production from coal. This process requires large

LI/ WG W EENC SO WL, Sen WSS, TN W I

volumes of GOX at 68 to 102 atm (1000 to 1500 psig). Large

4o

in this context can mean 28 to 57 standard cubic meters per

L

second (SCM3S) (60,000 to 120,00) SCF4). The internal condi-

dmalibeias Mo

tions expected within such a compressor were estimated at the

extreme to be 68 atm (1000 psig) with GOX at 149-260°c

(3006-500°F) and a gas velocity of MACH 0.7 to 0.8.
One test conducted was a sincgle particle impact test ?

using 0.016 cm (0.04 inch) diameter silicon beads as the

.

projectiles. Individual particles travelling at 427 m/s

L

(1400 fps) in GOX with an internal pressure of 68 atm (1000

psig) striking gauge/notched specimens with 0.03/0.024 cm

P AT S S TR Y

(0.03/0.06 inch; diameters, which were preheated to tempera-

)
tures up to 824°C (1550°F), were used to test the materials

o o ca

listed in Table IV. With one exception, a single sample of

® TABLE 1V

List of Materials Tested for Impact Sensitivity

MV T e e

Carbon Steel AISI 1025
AISI 4140

Ductile Iron

304 Stainless Steel
17-4 PH Stainless Steel
410 Stainless Steel
Lead Babbit

Tin Babbit

Inconel 718

Aluminum 11090
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AISI 4140 steel, all the results were negative (no ignitions).
The single exception was with a sample of 4140 steel which
was preheated to 638°¢C (llSOOF); however, Bates and Mcnroe
were unable to duplicate this result [Ref. 6.
Testing cf various geometries such as thin wire,
tubing, or samples shaped in the form of a notched tensile
test sample, has been conducted in varying pressures of
heated gas in both static and flowing conditions. The
results of these tests are inconclusive. The buiid-up of
an oxide layer which {in most structural metals used in GOX
compressor construction) 1s responsible for an increase in
the ignition temperature of the metal means that flow of GOX
over a metallic surface may increase its safety by raising
its ignition temperature. However, should the protective
oxide layer be disturbed by penetration, cracking or spalling
its protective capability will wvanish, in fact with the flow
of oxygen rapid oxidation is promoted on such a fresh surface.
This reversal of the nature of the oxide layer leed Bates and
Monroe to test specimens of commonly used metals in a flowing
GOX system under fresh exposure conditions. A schematic
drawing cf the test apparatus can be seen 1in Figure 3.5.
Bates' and Monroe's testing procedure was based on
the assumption that within an oxygen compressor exposure of
fresh surface to GOX at elevated temperatures and velocities
up to Mach 0.85 presents a zerious 1ignition hazard. From

Figure 3.5 thre design of the test cell shows that a torsional
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Figure 3.5. Schematic Sectional View of High Pressure
Oxygen Test Cell. Taken from [Ref. 6]

stress applied by rotating the grips would break and expose

the specimen to the preset temperature, pressure and velocities
of flowing GOX. 1In addition the power supply of electrical
current through the test specimen allowed resistance heating

0f the specimen. Thelr test matrix was extensive including

all the alloys of Table IV while varying the GOX temperature,
the specimen temperature and the gauge size of the specimens.
All of the specimens were freshly exposed by a break due to

tcrsional stress. Results for AISI 204 Stainless Steel are

comparable to those of Monel 400 as can be seen in Tables V

B arnd VI.
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The Monel icnited in several tests with the specimen
temperatures at or below 538°C (1000°F) for several gauge
sizes, 1in fact, Table VI records ignitions of Monel 400 at
specimen temperatures as low as 260°C (SOOOF), while Table V
shows nc ignition of AISI 304 with any specimen temperature
below 538°C (1000°m 4.

To assume that AISI 304 is superior based on these

results 1s inappropriate as the importance of the labels igni-

tion and quench and ignition and burn is not clearly defined

in the table‘®legends but the difference is significant in Bates
and Monroe's opinion. By extensive tetting of AISI 304 as
shown in their results (see Figure 3.6), Bates and Monroe
develop an envelope of safe operations which would encompass

a GOX compression process. Within the parameters that describe
the compression of GOX from ambient pressure to 68 ATM 1500
psig) a margin of safety for AISI 304 can be founds. For AISI
304 the safety margin at 2.6 MPa (385 psi) was 260°C (500°F)

at 5.2 MPa (750 psi) the safety margin was 149°C (300°F) and

at 6.9 MPa (1000 psi) it was 121°%¢ (250°F). 1In comparison

4The oxygen parameters, internal gressure and velocity
of the GOX are identical in Tablies V and VI.

-

°Bates defines the safety margin as "the difference
between the nominal compressor operating temperature and the
temperature above which a given material will burn af:er
ignition in an oxygen atmosthere at the stage pressure”.
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Figure 3.6. Effects of Pressure, Temperature, and
Fresh Mean Exposure on Burning of 304
Stainless Steel. Specimen size: 1.03/
1.52 mm (0.085/0.060 in.)
Taken from [Ref. 6]

zates and Monroe were unable to ignite and burn Monel 400

w~hich places its safety margin in excess of 538°C (lOUOOF)s.

v

In more recent research MNASA White Sands
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(KSTF) tested a Flow Control Valve (FCV) for the
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main propulsion system. The FCV were identified as beinc at

H

hiszh risk due to several factors: repetitive exposures; the
sluminum construction of the external oxygen tank; poor filtra-

rion (large size 800 micron filters); and high flow rates of

Bates and Monroe were concerned with the possible :
ignition by electrical spark acrossed the broken specimen,
however, they were unable to guantify its effect on ignition.
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% GOX. The FCV shown schematically as Figure 3.7 has two Ilow i?
E paths, one through a bypass orifice for continuous flow and ;:i
H a second flow path controlled by a solenoid-operatec popret !1

which provides a controlled flow. From this configuraticn 1t

| RN

was determined that both subsonic and sonic velocities of GOX

h_ g

could entrain particles and impact valve body surfaces, thus
testing was done in three configurations. A high velocity

configuration simulating conditions at the bypass and contrcl

L}
Ada® 2

orifice, a low velocity configuration simulating subsonic

conditions and an impact tube cesign which simulated the

Y Y

sonditions found in a 30-cdegree angle outlet from the bypass

2
3 in “he FCVYV into the outlet tube, were all consiructecd.
! ‘Ref. 13]
-
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Tijure 2.7. Simplified Schematic of Sh
Propulsion System Oxvjen ¥
valve (FCV) Taken from [ Rel. L3
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Initial testing of the FCV shown in Figure 2.% and

Figure 3.9 resulted in ignition and combustion of the FCV.

Single 800 micron particles were inserted while the test
article temperature was maintained at 204-277°C (400-530°F)
and the internal line pressure was maintained at 28-35 MPa
(4000-5000 psi). Up to the 12th particle no reaction occurred
but upon injection of the 13th particle the result was a total
failure at the FCV. Porter et. al. [Ref. 13i then continued
to test alternative metals utilizing the high and low velocity
test configurations with 1 mg samples of 150 micron size
particles of 2024 Aluminum and Inconel 718 in addition to
individual 800 micron 2219 Aluminum particles as the projectiles.
Monel proved superior as Porter was unable to ignite Monel, but
was able to icnite AISI 304L CRES with 800 micron 2219 Aluminum
particles in the high velocity test appratus (see Figure 3.10).
2. Friction

Tribology has been studied as a method of ignition for
centuries and has been the subject of numerous investigations
into metals compatibility with GOX. In more recent work
experimental results and theoretical prediction have been
compared.

Jenny and Wyssmann |Ref. 14] conducted friction
rubbing experiments with the intent of ranking materials for
GOX compressor applications. They were specifically concerned
with GGG 40 (ASTM A 536), nodular cast iron,x20Crl3 (AISI 403)

stainless steel, CuSnl0 Tin Bronze and Monel K500 (637 Ni-30" Cu).

38
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Within their test arrangement (see Figure 3.11) axial thrust
force could be varied from 300 to 2100 Newtons (M) and the
flow of gas through and around the interface could be changed
from Nitrogen to GOX at the a constant flow rate c¢cf 0.01 m3/s.
Jenny and Wyssmann reported no significant difference in their
results at €,000 RPM or 12,000 RPM which lead them to maintain
a constant 8520 RPM or an average sliding velocity of 3.8 m/s.

Utilizing Equation 3.2 as a model for the energy input
by oxidation per unit area and Equation 3.3 to represent the
frictional energy input, while describing the temperature
field in the specimen by Equation 3.4, Jenny and Wyssmann were
able to cdetermine the oxidation energy through performing

"opractically identical" tests with inert (Nz) gas and GCX.

d,, = H A exp (-E/RT) fegn 3.2)
Qf = u(T) L u {egn 3.3)
5T/5T = a A T (egqn 2.4)

H = Heat of reaction of metal and oxide

&3]
il

Activation energy of metal

A = Rate factor dependent on rate controlling process
R = Universal gas constant

T = Temperature (Kelvin)

q = Energy rate per unit surface area

Q = Energy rate

2 (T) = Coefficient of friction, function of temperature
L = Axial force in ilewtons
42
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Figure 3.11. Schematic of Jenny and Wyssmann's Test .
sppara*tus for Ignition Tests. o
p . L = Aixial Load, S = Rotating Specinen, ®
3 S, = Stationary Specimen, T, = Torgue I
;- S+train Gage Balance, and T = Temperature o
) Measurement with Pyrometer. Taxen from “ )
- ‘ref. 14 ]
F L
i u = Average sliding velocity (m/s) u:i
a = Thermal diffusivity s
£ = Laplace operator o
a . -
1 Te = Temperature of interface between Sr and SS
s (Kelvin)
; T, = Temperature ambient (Kelvin)
—
u = Heat transfer coefficient ® ]
{ )
! £ = Emissivity )
3 .
S 5 = Stefan-Boltzmann constant 1
3 -1
3 3 . - 4
F T. = Temperature at eguilibrium (Kelvin) LA
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Eguation 3.5 determines the oxidation energy Dby subtracting -
i

R

the frictional energy input in GOX £rom the total energy .:
developed in the inert (NZ) gas corfiguration. The assump- -
tions reguired to develop Eguation 3.5 are broad, a one ]
4

dimensional model is assumed using partly cylindrical and ;

partly spherical coordinates, while the radiative and ccn-
vective heat losses are assumed to be defined as Zguations

3.6 and 3.7 with A, ¢, and : assumed as constants.

4=

haadh dnaana’

Q (T_) =Q.. (THl. -0 (7!, (egqn 2.5)

oxX = cdls L ) i £ 'C,
! - ]

) 3 3 , ‘.
! 3 = ¢ <{(T*=T_ %) {egqn 2.6) "4
i ra a 4
q

. 1

g = X -7 3.7

c (T a) (eqn 5 ) 3
L .4
- 9

Afrter a time interval of approximately 20 seconcds the test 1

ts become guasi stationary (see FTigure 3.12) at which e

H
[
n
e
’__l

point Jenny and Wyssmann assume a steady state condition k
. - . ~ . - . . ‘vvﬂ
inferring the functional cdependence of . (coefficient of -

-

m' ey

friction). They assume values for A and E beforehand and

- fit the value of T (Tp)to the Arrenhius equation to obtain

a curve of energy rate versus temperature of the interface.

,‘.-" Rl SN0 SRC VL e S 4

8

' Combining the results of all their testirng Jenny and
5
;4 Wyssmann {Ref. 14] produce a graphical ranking of the materials
[ tested (see Figure 2.13) which shows Monel K500 to be superior
@

to 410 S5, Cast Iron and Tin Bronze.

[T

As a result of fires associated with metal ignitions

IASA began a program in the fall of 1981, which was designed

Y Ty TN Ty Tw TR Ty T
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Tigure 3.12. Temperature and Friction Power Records
From Oxygen Tests (0,) with GGG 40 (S.)

and X20Crl3 (s )
[Taken from Ref. 14|

to develop and test methods of ranking metals for service

in COX systems. A steering committee comprised of repre-
sentatives from NASA WSTF, NASA Kennedy Space Center (KSC),

Alr Products and Chemicals Inc., The Jet Propulsion Laboratory,
Rockwell-Downey, BOC Technical Center, Union Carbide Linde
Division, NASA Johnson Space Center (JSC), and Aerojet Liguid
Rocket Company met to determine what allovs should be ranked
and by what test method the ranking should be accomplished.

(Ref. 15].
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Fifteen allovs were chosen for evaluation based on
their current use in GOX systems, they were:

316 Stainless Steel Ti-€6aAl-41V

304 Stainless Steel Nickel 200

Monel 400 Copper 102

Aluminum 6061-T6 1015 Carbon Steel

Inconel 600 Hastelloy X
Inconel713 440C Stainless Steel
17-4 PH Stainliess Steel Invar 36

Brass 260

| ‘
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2 |
= |
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Figure 3.13. Ranking of Tested Materials with Respect
to Ignition in Oxvjen.

Taken from |Ref. 14] .
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The test methods are listed in Figure 3.14. -
Za
Criteria aro is tre lest L2st? f.s tre iesl mMeirou ANaL 1S tre LCCUr=|.5 the o aliin suarce | ' .
weignting Metrca Cacadle of|(2Ix) [apab.c of Pro.:zing {rence cf the I7g- a nten lause of -
Factors Ramking Metals? “nalytical latar nitizn Scurce 1n Cxegon Fires in Real i
(ax; (i) Keal Systems? Systems? -4
(1x) (1x) )
Test
Metnocs
AU1glanis Correcticna -
e T ccare [ ]
vt { 1 !
[ | s N -
1 = H .
. - — ]
’ x - \ L
£3 : -3
- 4
§= ‘ -
{ = ]
1 J:‘ .
F : T :
0 T -4
: { 1 1
sSpace allewed for acaing icentified test methocs H j
Figure 3.14. WSTF Test Method Rating. o
-1 .
Taken from [Ref. 15] :

which is a copy of the balloting form used to survey the
steering crour. The results of the survey are inclucded as
Table VII. The survey rated testing methods kasec on the
expected occurrence of a mode of ignition in a real system,
the actual occurrence of GOX fires due to the ignition mode
progosed, and the capability of producing a test configura-
tion with repeatable and controllable parameters. Aas seen 1in
Table VII the first choice was a friction rubking test method.
Therefore, NASA WSTF constructed a test mechanism (see

Figure 3.15) which as seen in its exploded view Figure 3.16

has the capability to measure and control several parameters

simultaneously. The surface temperature of the tes* specimens
Y T )




TaABLE VII s

Survey Results Taken from {Ref. 15]

| PR

FRICTICH A 331N 11 RO T TTWCIIC INEINETC | p
PROMOTED 172M0171CM _:M i ]
PARTICLE woa(T ;w.c m i ]
EXTZUSION LA ¢ > ETeXCermmarrRem
ELECTRICAL AR, IPARK n‘;s ¢ lx:;;—_ -
MECHANICAL [MPACT I o | DRI | ]
FURNACE MEATING kN ) Eeremes | )
LASER MEATITG e
RESISTANCE WEATING ;n‘.l | BTG l
IMOUCTICH REATING i; 1 :T-‘z-—_—-
ADIABATIC COMPRESIICN ;3‘3 > Ream Jr
RESONANCE CAVITY .
METAL RUPTLRE i '
PUNTTURE L o R
HIGH VELOCITY GAS —~ BCRES
25 ﬁ? 35 40 ¢5 50
NEGATIVE RESPONSE 1 POSITIVE RESPCHSE
?

Results of the test method selection survey. Does not include cost.

was measured by thermocouples and two-color pyrometers
while the speed of rotation and the axial loading were
varied independently.

The initial data obtained from the friction rubbing
test method is presented in Table VIII, Monel 400 is superior
to 316 SS in its resistance to ignition frcm frictional
effects as demonstrated by the increased PV (Pressure X
Velocity) product required to ignite Monel 400. Noted in

[pef. 15| was a result in the friction rubbing test where

48
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|
1015 carbon steel 316 SS and Monel 400 increases in the amount ]
of PV product regquired to ignite the individual test articles j
with an increase in the internal pressure of the reaction 5
chamber for pressures above 3.4 MPa (500 psi). This result
is contradictory to the relationship established by Kirchfeld
[Ref. 17] were the reaction rate of metals increased with ]
increasing pressure of GOX. This shculd lead to a decrease .
in the reguirec PV product in friction rubbing tests with
increases in the chamber pressure. A full explanation of ]
this result can only come with further testing.

3. Foreign Materials/Softgocd Ignition

Nihart and Smith [Ref. 9] as noted in the Ranking of ]
Metals section conducted promoted ignition tests with the

results as listed in Table II. Their ranking placed Monel

superior to austenitic stainless steel as the amount of .

neoprene ignitor was doubled for Monel 400. This method of

ranking metals simulates the ignition of a foreign substance
within a GOX system which may then produce enough heat to
ignite the metals comprising the system. This has been the
suspected source of ignition in many actual GOX fires but
often specific accidents involve litigation and are not
easily cited. Civilian diving contractors have circulated
salet, messages which describe the improper installation of
a ralve that is not cleaned for GOY service into a diving
svatem.  Thae resulting fire could not be attributed to the

s 0T ke wrondg constructlion material but rather to a human

[
2
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error in a maintenance procecdure. Therefore, promoted
ignition should be considered a viable testing and ranking
method.

Kirchfeld [Ref. 16] worked throughout the 19€0's using
promoted ignition of test articles of wire of varying diame-
ters, with sponge iron or aluminum powder pills and nickelline
ignitors. His initially studies were in a 1 ATM chamber but he
progressed to a chamber capable of maintaining a 200 ATM (2940
psi) internal GOX pressure. Testing individual light anc
~eavy® metals such as aluminum and iron respectively, he as-
cribed reaction types based on the velocities of propagation/
reaction rates and observation of phyvsical characteristics
of the combustion. For iron Kirchfelé found what he termed
a heterogenous reaction between the GOX and liquid oxice
drcps which formed on the surface of the reacting wire. The
propagation velocitv of iron was relatively slower than that
for light metals such as aluminum, which combust in a hono-
g=2neous (vaporization) reaction. This relative reac-icn

rate was conslistent for both low 1 ATM pressures and higheor

200 ATM pressures. Kirchfeld 4id find a transition from
hezerogenous reaction to a homogencus reaction (combus‘ion
nf evaporated gaseous iron 1n GOX) for lmm diame:cer iron wiv
exposed to GOX pressures above 64 ATM. TFor pure metals

¥irchield [Ref. 17| found the reaction rarce of iron increasc:

wroportional to the square root of the CGOX pressure an:d oun-
Slbited *the tranrition just describel. The transi+-ion wis
o]
<
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assumed to be related to the presence of higher oxides, for
example, Fe30, in iron combustion. The absence of higher
oxides in the case of Nickel 1s postulated to be the reason
that Kirchfeld was unable to combust Nickel wires in GOX
atmospheres up to 200 ATM. This result demonstrates when
combined with the fact that high alloy chrome nickel steels
combust rapidly in GOX that simple addition of the heats of
oxidation of the alloying agents will not predict the com-
bustibility of a metallic alloy.

In more recent research conducted at Air Products and
Chemicals, Slusser and Miller [Ref. 18] specifically testzd
Monel 400, AISI 304 S.S., carbon steel and gray cast 1iron
in flowing GCX. Slusser and Miller considered the extent
of combustion as being represented by the area consumed as
a percentage of the area exposed. Based on this criterion
Monel 400 and AISI 304 S.S. performed well (less than 4% of
the area consumed) as compared to carbon steel. They repor-
ted "Type 304 stainless steel was also considerably superior
to carbon steel and only slightly poorer than Monel 400".
This difference between carbon steel and stainless steel
(AISI 304) lead them to guestion Figure 3.17, which is a
copy of a figure presented in the Compressed Gas Association
ramphlet G-4.4, titled "Industrial Practises for Caseous
Oxygen Transmission and Distribution Piping Systems". Slusser
and Miller question the all inclusive nature of the velocity

versus pressure curve as it is presented in the CGA pamphlet
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Figure 2.17. CGA Curve 0f Vel/Pressure

Taken from [Ref. 18]

because it lumps both carbon steel and stainless steel; <their
own results contradict this curve's premise. They are pre-
sen«ly continuing this research and mav present thelr Iinds

-
i

at <he ASTM symposium 1in april of 19E53.

(=N

WASA is also currently conducting promoted ignition

tests of the 15 materials listecd earlier. The review of this
testing noted a tendency for the test to become a propagation
rate study when additional promcter is added <o a material to

cause ignition. This addition of material not only increases

the energy input from the combustion of the added ignitor but

7 .
Source phone conversation between author and Joseph
Slusser of Alr Products and Chemicals Inc. on 9/28/84.
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the area exposed to the heating prior to ignition/ccmbustion
of the metal is increased. The final results for this study
are not presently published.

4. Resistance (Joule) Heating

Resistive heating of a specimen of pure metal or alloy
has been used by Reynolds et. al. [Ref. 12] and Dean and
Thompson [Ref. 8] and other investigators in both static and
dynamic GOX environments. This method is particularly suited
to the measurement of ignition temperatures of alloys at
different pressures of GOX. It is most often used with an
optical pyrometer as the method of measuring the temperature
at which the specimen ignites. However, in the case were
dynamic (fiow of GOX) conditions can be maintained, the
results are of greater interest. Research conducted by Dean 1
and Thompson and included as Figure 1 is a good example of v 4
this technique. This method is less relevant and corres-

pondingly unlikely as a real source of metal ignition,

compared to friction rubbing, particle impact or promoted F
ignition test methods. 1

5. Resonance

The resonance-tube phenomenon originally described

CEPURY WY W Y

in research involving the production of high intensity sound

waves has been proposed by Diehl {Ref. 20] Belles [Ref. 21]

o and Phillips [Ref. 22] as a pcssible ignition method in GOX
fires. Research at NASA Lewis has demonstrated that the tee

union, often used in gas piping systems, can in an appropriate

Al an cuh Smn mn i S e 4
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configuration (dead-endin; oneé Section O

[
“

resonance. In laboratory simulaticon (see
Phillips was akle to measure temperatures
(1800°F) in rhe dead-end tee section when
of GOX was 7.6 MPa (1000 psi).

chambers at various stagnation pressures,

resonance tube.
using aluminum fibers (1.5 mil x 1 mil)

area by (0.5-0.7 inches) long.

CIuSED D -

Figure 3.12.

)/\
N
&
\'»,
f,- L AESONANCE
\ ///*\35”\\.mﬂ‘
o A

the tee) produce
Fiqure 3.18)

. o
in excess of 1000°C

the inlet pressure

after initially testing empty

Phillips conducted

experiments using ilnert asbestos fibers released into the
He later tested fcr ignition by resonance
in cross sectional
The apparatus as shown in

rigure 2.18 included both stainless steel and quartz resonance

Phillips Resonance Tee Configuration.
Taken from |Ref. 22
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tubes, with instrumentation composed of pressure transducers
and thermocouples. His results as shown in Figure 3.19
include observations made by high speed photography and
demonstrate the ignition of aluminum fibers in a resonance
tube. Phillips considers the failure of a component in a

high pressure GCX system with a concurrent rapid decompression
of the system to be adequate to establish resonance within the
riping system. lis results demonstrate the shcrt time frame
required to produce ignition by the resonance phenomenon

(5-10 s) with aluminum fibers present. He therefore concluded
that ignition by resonance is possible in real systems

[Ref. 22].
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Fijure 3.19. Ignition of 13 mg of Aluminum Fiber for
an Inlet Stagnation Pressure of 1270 psia.
Taken from [Ref. 22]
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An important consideration that is noted by Phillips
is the effect of the insulative rather than conductive
characteristic of a gquartz tube. All of the ignitions
recorded were in quartz resonance tubkes. Elevated tempe-
ratures were recorded in the AISI 304 resonance tubes and in
one case the quartz tube ignited and in turn ignited the
stainless steel section of the test apparatus, but no ignition
of a tube composed of AISI 304 was recorded.

This method of ignition could be used for further
testing of propagation rates using an interior promoter with
a low flame temperature within the range of temperatures
produced in a resonance tube.

6. Mechanical Impact

This test method consists of positioning a foil of a
test material and impacting it with a known mass falling
thrcugh a known distance which gives a reproducible energy
of impact. An ignition is recorded based on the presence of
a flash of light or the emission of a loud sound or evidence
of burning in the holder or in the remains of the specimen.
Batch testing using this method for nonmetals has become a
principle selection criterion for GOX service and the method
is also used to study and rank compatibility of metals with
ligquid oxygen (LOX). However, as a method for ranking it is
not considered appropriate as it is difficult to ignite most
metals with this method and attempts to increase the pressure

of COX in the holder have not been successful in providing

59

e

:v.J 11 Y "o
B ik

IS 2Rt DR

PN




reproducible results. An extension of the impact method
which places a contaminate material in the specimen cup was
used by Ordin [Ref. 23] to compare AISI 304 stainless steel
and 6061-T6 aluminum. The AISI 304 was nonreactive at the
maximum range of pressure 34.6 MPa (5000 psi), temperature

811 K (1000°F) and impact energy levels 252 J/cm2

(1200
ft-lb/inz) in any contaminate including motor o0il, copper
powder, tool makers dye and cutting oil. The aluminum was

reactive without contaminates and increased in its reaction

with contamination by the o0il products.
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I1T1. THE THEORY OF BULK METAIL ICNITION

The early work in postulating a theorv of bulk metal
ignition is reviewed in [Ref. 27]
The difficulty in quartifyving metals ignition parameters,

such as Tign fignition tamperature) and T (critical

crit
temperature) lie in the extensive number of factors which

can affect the ignition process. Bransford and Clark

[Ref. 26] have produced a table included here as Figure 4.1
which lists three major categories and numerous dependent and
independent variables in metal ignition nrocesses.

Equation 4.1 is driven to the right by free energy
considerations and is exothermic for all metals at ambient
temperatures, with the single exception of gold. This point
of commonality 1is the only one in ignition of metals, the
various methods of ignition can be grouped according to
proposed reaction mechanisms but the groupings are the subject
of some controversy. Several factors combine to confuse the
ignition and subsequent combusticon of metals, major among
these are a dependence of ignition upon the preignition
surface conditions and the formation of solid phase products

on the surface. LRef. 28]

aMe + b/202 - Meaob (egn 4.1)

The oxidation of a metal with its subsequent production

of heat is labelled by Glassman et. al. |Ref. 28]in Figure 4.2
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¥ 1 )
I acomic welght (@) | remnerature ! wistory of meral |
i rolecular weighz (wo) | pressure | state of surface ‘
! thermal c¢onductivity (m+mo0) | oxygean concentration ! nxide ¢{lm thicxness R '
| tnermal diffustiviry (a@+mo) i presence of dflaent | speciftc surface area [cm=/g) !
| neat capactity (zemo) | nature »f 4fluent | total mass of meral t
{ neats of solid phase transitions (@+mo) I 23¢ velcectty j presence of other metals |
! neat o»f fuston (mmo) ! Reynolds number (eutectic formation or !
1 heat of vaporizacion {(w+mo) ! thernite reaccion possible) i
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ma = setal oxtde
Figure 4.1. TFactors Effecting Metals Igni<tion.
Taken from [Ref. 23]
P, . )
curve aj as I .- In this c2neralized S-shaped curve
. - - .- .
the outrut o0f heat from oxidaticn of a metal 1s seen to vary

in 1ts
cf the metal T .

S

The possible oxidation rates

bolic or logrithmic section or a

functional relationship with t

can

combination of

temperas:

include a linear,

~hese oOr

cara-

e

face

other modes. Curb b of Figqure 4.2 rerresents “he rate o

e + 1o 1 & N =t

heat loss %oss a bulk metal as a function of the sur

temperature of the metal T_, again the curve 1s generalized
P

and may include losses <due to conduction, radiation and

convection of a

combination of these
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ané g curves (see Figure 4.2 curve

Combining the g loss

chem

c) a generalized pattern of T can be developed.

surface

Figure 4.3 again taken from Glassman et. al. [Ref. 28]
demonstrates a further point of confusion in the literature

which is centered on the definition of T, and T _ ...
ign crit

Glassman defines Tc as the condition where at specific

rit

T the g and g terms are egqual while T, is
surface chem loss : ign
defined by Egquation 4.2.
G)Q‘gg“ vs TO
q:h‘m
Te® Tame "
dlg,_vS T
loss .
qb—
Tl
] T * Tarna
DApem ANO a,, VS T,
. 3
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1“‘
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+
i
i
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f 1
. 1 r
, - i}
Toma | Tan 't
de
Tryure 4020 Jurve of lgnitico Mechanisms by Glassman.

Taken from [Ref. 28]
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(RN 1
p gl b ~ ‘lose/. o
schem,/ T . =1 = T m .
s' T igw s T
- s 30 s
This distinctior in T __.,  and T, is often not made by N
crit ign
® researchers inr this £ield which confuses comparison of analyv- )
-
| tical treatments anc experimental results.
1 The graph of Figure 4.2 suggests a smocth transition Ifrom
® different oxidation rates as well as a smooth curve of heat
f loss, both assumptions require modification for each indivicdual
. , e L . L
- metal. Grouping of metals exhibiting similar discontinuities
) in their ichem CGIMS is often done but it assumes that a
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specific reaction such as melting of the oxide layer, or E
boiling of the metals surface is responsible for the breaks j
in dchem' Another added complication of Figure 4.3 is how j
external heat additions are treated, the various ignition 3
methods discussed in the Literature Review chapter are ;
examples of heat additions all of which differ in their time 1
dependency and in the surface areas they effect. E
A recent attempt at analytically modelling bulk igni- j
tion which correlates experimental results from several test )
methods employed at NASA White Sands was proposed by Yuen in {
[Ref. 13]. The échem input of energy from the metal oxidation j

is assumed to result from a combination of a linear (see
Equation 4.3) and a parabolic (see Equation 4.4) equation.
The combined resultant is Equation 4.5 which expresses the
total mass of metal reacted per unit surface area. This

assumes that the value of Eq equal the

dM/dt = Ky (egqn 4.3)
e 2
9 dM°/4dt = Kp (egn 4.4)
1
! sz/dt = A1/1+2M(A1/Ap)exp(—E/RT) (egqn 4.5)
[
.
x
:.Z value of EO which in turn equals E, and defines reaction
L~ - x
- constants A; for the linear and Ap for the parabolic eguations.
b
r. Using the combined metal oxicdation equation a general heat
&
:A balance can be modelled as Equation 4.6 with the parameters
;- defined as:
o
r'.
o 65
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s the same difficultv that most of the
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nations suffer from, that 1s, 1ts 1nabilicy

e changing surface area, as is noted in

f=

; removal of the metal surface and the oxiie

evplained by -his model.
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IV. EXPERIMENTAL PROCEDURE

A. TEST OBJECTIVES

From the results reported by Wegener [Ref. 3| propaga-
tion of a flame against the flowing stream of GOX was not
observed once a breach in the steel pipeline occurred due
to heating by entrained particle contaminates. Eowever,
testing of a model for flame propagation in steel cylinders
has been attempted by Sato et. al. {Ref. 24]. Utilizing a
charoer with a preset COX pressure and high speed photographvy,
Sato's analysis defined the controlling parameters in the raxe
of fire spread as the diameter of the test article, the GOX
pressure and the orientation of the test article. The possible
spread of a fire in diving equipment or in the GOX life support
system assuming an ignition source 1is present, raises the
gquestion of the flame propagation characteristics of Monel
and austenitic stainless steel in a flowing system. The most
relevant testing of propgation of flame in a flowing GOX
envi.onment is the research of Ivanov and Ul'Yancva [Ref. 2357,
Their methods provided data on the results of ignition 27 =he
GOX flow within a closed pipe with a preset internal pressure
and flow rate. Additional testing by Ivanov and Ul'vanowa

measured propagation rates in pipe opened +o *he a‘*nosphoere

with a set inlet pressure. Their study focuse! orn ~hroo
materials, aluminum, stainless steel and carborn gtoel. wichin
67
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the translation a correlation of flow rates of GOX to the
combustion of stainless steel is developed (see page 6 of
[Ref. 25]). This is a mistranslation, the specimens which
show a correlation between flow rate and combustion were

listed in the results as carbon steel.

E. DIVING EQUIPMENT SIMULATED

To test the flame propagation characteristics of Monel
400 and austenitic stainless steel an operational diving set
the USN Mk 15 Underwater Breathing Apparatus (UBA) was chosen
as the equipment to simulate (see Figure 5.1 for an overview

of the equipment).

Figure 5.1. The USN Nk 15 UBA Full view without pack (Cover.
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Flame propagation in the GOX assembly on the Mk 15 would

VS

regquire the fire to spread upstream in the GOX tubing, which
is shown in the close-up of the oxygen assembly Figure 5.2.

The Mk 15 which is based on a commercial diving set utilizes
AISI 316 stainless steel 3.2x0.9 mm (1/8x.035in) I.D. tubing.

The pressure regulator on the oxygen supply bottle is set to

el N
L‘. WPV S SR Y

Figure 5.2. Close Up View of the USN Mk 15 UBA Oxygen Assembly.

maintain 0.8 MPa (110 psig) above ambient pressure in the
oxygen assembly. The MK 16 UBA is similar in concept to the

Mk 15 and utilizes the same type of tubing, but its oxygen

o
regulator is set to maintain 2.0 MPa (295 psig). The testing
.
of Monel 400 and AISI 316 was conducted at inlet pressures of
s
' both 0.8 MPa and 2.0 MPa respectively to simulate the breaching
L
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of the oxygen assembly of either a Mk 15 or Mk 16 UBA and

determine the extent to which a flame could propagate upstream

against a GOX flow in these metals. 1In view of unpublished
results obtained by NASA White Sands Test Facility an addi-
tional sample of AMS 5050, a carbon steel 3.2x0.9 mm I.D.
tubing was included in the test matrix. An initial matrix
was modified once the inability to ignite AISI 316 and Monel
400 was found. The modification consisted of attempting to
find an inlet pressure at which flame propagation in AISI 316

and Monel 400 could be ocobserved, this proved to be impossible.

Another modification was devised to determine at what pressure

the carbon steel tube flame propagation could be gquenched by
the GOX flow. A ramping of the test article inlet pressure

was programmed into the test sequence.

70

. 2
abmins B B Rl At el Bt % B S & u_A_‘..eA.c_f-ﬂ_‘.‘.l_l_lA_gj




Rk A4 e R AibaaCRin TR A TS T R i S S Al Al S B Sl Sl R A Y ALY A i M Dl

V. EXPERIMENTAL APPARATUS

A. TEST SYSTEM

The experiment was conducted at the NASA White Sands
Testing Facility in New Mexico, utilizing the certified GOX
testing apparatus which can be seen in schematic form in
Figure 6.1. The system delivers GCX at a controlled inlet
pressure up to 41.3 MPa (6000 psi) and gas temperature up
to 300°C (700°F). The GOX High Flow test system was modified
using low pressure transducers as described in Appendix B.
This modification allowed regulation of the test article
inlet pressure to within 5 psig during each constant pressure
run and also allowed ramping of the inlet pressure when it was
regquired. Control of the GOX flow was maintained by the micro-
processor and control network which through feedback from the
pressure transducers at the inlet and outlet of the pressure
control valve and the inlet transducer at the entrance to the
test article opened or closed the pressure control valve as
required to maintain a constant inlet pressure.

1. Data Acquisition

A digital data acquisition system both controlled
the time segquencing of events for each test and recorded
realtime data. The control room panel housed the micro-
processor, strip chart recorder, monitors, floppv disc drives

and assoclated circuitry which allowed totally remote control
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Figure 6.1. Test System Schematic.
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’

of e2ach test run. A typical test event is shown in Figure 6.2
note the multiple disc drives allowing flexibilitv in data

acguisition. Also shown in this photograph is the system of

position indicators and status lights which allow operator

analysis and manual over-ride of the test sequence.
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Figure 6.2. Control Room Panel During Test 243.06.

2. Test Sequence

Figure 6.3 shows the relationship of the spin physics
high speed video camera to the test article, while Figure 6.4
shows the relative position of the ignitor a Victor oxyacetelene
torch just prior to the start of a test seguence. A typical
sequence for the Monel and AISI 316 constant pressure test
would proceed with the establishment of the preset inlet
pressure of GOX to the test article. tlormal speed video was
utilized for both Monel 400 and AISI 316 testing once the
inability to propagate a flame was established. Video coverage

and ignitor extension, which placed the tip of the test article

FOT VR

dnend

Y

P

A

]

e




.y - g e —— e -
CAA S i A I Tt e S A 2 S A S A v A bt S el A i e/ AT A L e St -

Figure 6.3. Overview of Test Site Showing Relationship
of the High Speed Video to the Test aArticle.

at the apex of the inner cone of the oxyacetelene flame, were
synchronized by the microprocessor which additionally initiated
data collection from the channels containing the readout of

the pressure transducers (PT-19, PT-26 and PT-100A), the test
article inlet thermocouple and the position of the PCV. The
ignitor was extended and programmed to remain in position for
15 seconds unless ignition occurred prior to the end of the

15 seconds in which case manual over-ride was employed. The
torch was quenched by securing the flow of oxygen to it though
the barrel remained extended for the full 15 seconds. This

capability was used often in the test involving AMS 5050
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Figure 6.4. Close Up of Test 243.14 Carbon steel
T.A. in Vertical Orientation.

carbon steel tubing for ignition occurred rapidly for all
test of carbon steel at initial inlet pressures below 40
psig. Once propagation against the flow was established

in the AMS 5050 tubing sections the high speed video was
utilized to record the event. This video was then edited

by the addition of cursor marks and the realtime record which
would allow accurate propagation rate measurements. The
flexibility of the carbon steel tubing allowed testing of

the flame propagation rates in three different orientations;
horizontal, vertical downward, and vertical upward. From

the initial intention of defining the flame propagation
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characteristics of Monel and stainless steel, the majority
of the test articles were either Monel or stainless steel
which meant that only a limited number of tests were con-
ducted using AMS 5050 carbon steel.

Both the Monel 400 and AISI .16 test article were
cleaned for oxygen service according to the NAVSEA Tech
Manual specification included as Appendix C. Additionally
all the test articles including the AMS 5050 were flushed

with freon prior to installation in the test apparatus.
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VI. RESULTS

k

The results of the experiment are presented in Table IX;

the computer printout of the data, as recorded in each test,

el od ot

is enclosed as Appendix A. Data recorded includes the inlet

pressure of the GOX for each test, along with the propagation é
speed (1if propagation occurred) and the volume flow rates as j
calculated in Appendix E. -

The volume flow rate was calculated by recording the time )
required for a given pressure drop to occur in a known flood- §
able volume. Correcting this flow rate to standard conditions 1

and in the case of the 110 and 295 psig runs correcting for

the difference in molecular weights between nitrogen and .

oxygen yielded the flow rates in standard cubic feet per
minute or standard litres per minute. The propagation rates
were calculated from the high speed video record. The hori-

zontal and vertical downward orientations combined gave an

average propagation rate of 1.85 mm/s (.07 in/s) as compared
to the vertical upward orientations rate of 2.35 mm/s (.09
in/s). It appears there 1s a difference in the flame spread

rate based on the orientation for AMS 5050 carbon s%teel
tubing, also the propagation can be extinguished by increasing

the pressure.
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c VII. CONCLUSIONS =

The major conclusions that may be drawn from the .
literature review and experimental results are as follows:
1. The literature which attempts to rank metals »
compatibility for GOX service is confused due to

two factors -

a. Individual research efforts consider limited 1
(usually a single) ignition source based on a
specific design configuration.

b. Proprietary information on testing of materials 1
for GOX service is in some cases restricted from
open publication.

2. There is no significant difference in flame

propagation rates between Monel 400 and BAISI 316
stainless steel when they are subjected to
conditions which simulate the breach of a GOX
system with internal pressures from .14-2.0 MPa

(20-295 psig).

(8]

. There appears to be a significant difference in
flame propagation rates for AMS 5050 carbon s:teel
tubing 3.2 % .89mm (1/8 x .035 inches) between “he
upward vertical and horizontal orientation. The
upward vertical orientation yields +the faster

propagation rate 2.2 mm/s (.09 in/s).
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Modelling of the ignition and combustion of metals
is difficult due to the heterogenous nature of the
combustion and the large number of variables which

affect the process.

VY TR T YT T T v RIS A Suee o 2 fe S Jhinn A Tt e Sitnd st et el SRl L IR b Il RTINS A I

PN RSP

L L R

b‘ A i




b A
'

Y

RECOMMENDATIONS

The diving branch of NAVSEA should seek
representation on the ASTM G-4 committee on
Compatibility and Sensitivity of Materials in
Oxygen Enriched 2Atmospheres.

NAVSEA should maintain a liaison with MNASA Whice
Sands Test Facility to remain abreast of their
recent efforts to develop and evaluate testing
methods for ranking of metals for GOX service.
The current trend to group carbon steel and
stainless steel in developing design curves for
GOX equipment construction is not appropriate.
From the difference in propagation rates in
flowing systems 1t is evident that *hese metals

are not equal in their compatibility with GOX.
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APFEMNDIX A

Computer Printout of Experimental Results

TEST DATE = 02/21/55
oy iy M e
S 244,01
) TEST JESCRIPTION NAVY' TUBE FLAME PROPAGATION FLOW TEST
tHL. N INTS A at LOMR  WPPER  WSTF  CAL. DUE DISPLAY  STORAGE
RANGE  RANGE i TE
» 3 Des.f  1YPE K (SEGMENTED) 0 0 0 0 YES €S
- : Bes.F  TYPE K (SEGMENTED) 0 0 9 9 YES N0
X 5 Jes.f  TYPE K (SEGHENTED) 0 0 0 0 YES "
i 5 Des.F  TYPE K (SEGENTED) a 0 0 0 1E5 N
g : DesrF TYPE K {SEGMENTED) 0 0 ? YES N
a 3 PSIG 28,155 L 146850 0 10000 1788 06/13/85  YES YES
: pSi k) 240390 0 00 1109 07/24/%  ¥ES YES
20 PSIG 5,204 8.155830 0 10000 2854  05/08/35  YES
12 PSIA -1,1727 241900 0 300 1110 07/25/8 YES vES
5 PSia 3,341 27270 0 200 1203 07/25/85 V€3 vES
I 73 0. 5000 202440 0 0 0 21B W YES
s TS 3.2000 002440 0 0 0 12/12/5 M ¥Es
G €S, 2,9 0 90 0 12/12/90 YES YES
= ME TYPE « i SEGMENTED) 0 0 0 0 YES NO
b Sealf  TYPE X ESENTED) 0 0 0 0 ¥ES W0
¥ Jes.? TVRE « (GEGRENTED) 3 9 9 9 vES 0
® 4 Jes.r TYee  SECMENTED) 0 0 0 [ YES NO
i€ les.r T™YOE £ CESMENTED) 0 Q Q [\] YES N0
! “ U Tesli TYPE X SEMENTED) ¢ 0 0 9 YES N

s RIARES STIRED N JISKETTE
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TEST NURBER 244,01

TIME TT-10t PT-06 PT-19 PT-100A PT-126 INT.S INT.7 V.P.
SECS Des.F  PSIC PSIA PSI1A PSIA LTS VLTS IES.
-9.0 5% X0 3 13 13 0 0 30
8.0 70 330 {2 i3 12 0 0 30
-7.0 69 321 13 13 12 9 0 30
-6.0 89 k74 13 13 13 0 0 30
-5.0 69 321 13 13 13 9 0 30
-4,0 70 330 12 13 12 Q 0 &)
-3.0 70 321 12 13 12 0 0 30
-2.0 69 321 13 13 13 0 0 30
-1.0 89 32 13 13 12 ] 0 30
0.0 69 321 12 13 13 0 0 30
1.0 70 321 kst o) 39 0 0 40
2.0 76 321 24 143 205 0 0 51
3.0 2 33 33 270 27 0 0 43
4.0 3 313 334 %8 300 0 0 38
3.0 R 321 34 301 302 0 0 ke]
6.0 313 3 300 302 9 ) k<)
7.0 9 321 34 200 301 0 0 k<]
8.0 78 321 3 300 201 0 0 kel
3.0 7 313 13 300 300 0 0 k<]
10.0 74 313 kes] 00 0! 0 9 3
11.0 74 313 3 300 301 ] 0 s}
12.9 73 313 333 300 00 0 0 32
13.0 73 313 3 299 200 0 0 32
4.0 72 313 333 299 299 0 3 32
15.0 7 321 33 93 299 0 9 R
16.0 70 A3 3 293 293 0 Q R
17.9 89 313 33 297 278 0 0 32
18.0 69 32 333 297 297 0 0 R
19.9 &8 313 3 297 298 0 0 32
2.0 58 313 3B 37 27 0 0 2
21,0 68 321 333 297 27 0 0 k74
2,0 83 321 s 297 398 0 Q R
23,0 53 313 33 293 298 0 0 32
4.9 o8 313 3 298 299 0 0 2
5.0 57 321 33 299 299 90 0 32
26,9 &b 321 k] 299 300 0 ] 2
27.0 67 i3 B3 299 00 0 0 ked
28.0 67 313 13 300 00 0 0 32
29.0 67 313 333 300 301 0 J 2
0.9 67 313 333 300 301 0 0 R
31,9 67 313 32 30t 301 0 9 32
2.0 56 313 R 301 301 9 ] R
B0 47 32t 32 301 301 0 9 2 !
A0 67 X! 332 300 301 9 9J 2
5.0 &% 321 332 300 300 9 0 2
36.9 67 313 32 %9 299 o ] k24
37.0 56 313 132 98 299 ] ] 2
3.0 &6 313 ey 79 293 Q ] k24
39.9 & 313 2 297 298 0 0 2
40,0 57 305 32 97 3 J bl R
4.9 & 321 32 296 297 J ] 32
42,9 56 313 32 2% 96 0 Q k7S
43.0 56 33 32 25 296 Bl J 32
44,9 & 312 X2 295 %% J 0 32
43,0 &6 321 32 29 297 bl 9 3
.3 56 313 X2 297 278 0 Q ke]
47.3 b6 321 332 298 299 ] 0 ke
48,9 5 313 2 00 300 2 ) ks
49,0 57 3 2 200 301 ) ] k<)
0.0 3 32! 32 301 2 D] J 3
9t 5% 313 32 302 302 D] D] kel
2.9 67 313 2 303 203 J D) Re)
3.0 67 313 2 203 04 D] ) 33
4.0 &7 J28 spl 03 K b ] 32
5.2 57 313 132 202 303 3 D] 32
6.9 b 313 32 21 201 J M 32
57.9 5 313 32 300 301 ) 2 2
8.9 86 313 kerd g 300 J 9 N
$9.0 5% i3 2 9 o9 0 P 32
50,9 5 312 x2 23 298 J ) n
51,3 ¢ % 321 3] 397 273 J J 32
2.9 &6 21 3t 74 297 0 D] 2
,
»
. 23 3
L
-
’
b
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112.0
113.0
114.0
115.0

L i sl

244,01

TT-101 PT-06  PT-19  PT-100R PT-126 INT.3 INT.7 V.P.

Des.F  PSIG  PSIA  PSIA PSIA WOLTS VOLTS  [DEG,
63 321 k)| 296 296 0 ¢ 2
b6 313 k) 299 296 0 0 R
56 313 3 293 296 9 0 2
85 321 <) 296 296 0 Q R
&5 33 ki 296 297 0 0 ks
3 313 11 27 99 ] ] 1
56 74 k<l 298 299 ] ] 3
& 33 <) 29 300 0 0 B
5] 313 sl 300 301 0 0 ks
67 21 el 301 302 0 0 k<]
54 21 Bt 302 302 0 0 B
b6 313 k<) 02 303 0 0 3
&6 313 ) 302 303 0 9 32
& 313 3! 302 03 0 0 R
8 313 it 301 302 0 0 R
& 313 ks 309 301 0 0 R
67 313 k<) 300 300 0 0 R
-3 313 k<) 299 300 0 0 k74
56 313 k<) 298 9 9 0 32
&b 313 k<! 293 298 0 0 32
56 313 k<)) 297 297 0 0 2
& 313 k& 296 reld 0 0 R
65 313 3t 296 296 0 0 R
b 313 i 293 255 0 0 ps]
b 313 k<) 272 292 0 0 9
bb 313 33t 20 220 0 9 0
) 313 k) 287 288 0 0 0
65 313 i 235 25 0 0 0
65 3 1 283 -] 0 0 9
65 a3 B 21 281 0 0 Y
] 313 kit 79 279 0 0 0
] 313 o<l r 2 0 0 0
65 313 331 275 735 0 0 0
o 313 ks)! a3 a7 9 0 9
65 313 k)] 271 M 0 0 0
o4 313 3 289 269 0 0 0
&4 313 33t 267 2 a 0 0
65 313 k<it 2 266 0 0 g
5] 313 i 2 264 0 0 0
o4 313 el 262 262 0 0 0
6 313 11 260 260 0 0 0
83 313 et 238 8 0 0 0
85 u3 1l 36 7 0 9 0
54 313 31 oyl 25 0 0 0
63 i3 Bt 233 233 0 0 0
o4 313 1 31 252 9 0 0
64 33 k<it 230 250 0 0 0
63 21 st 248 249 0 ] 0
o4 313 31 247 247 0 0 0
65 313 31 245 285 0 0 0
63 313 1 284 2 0 0 0
53 313 k<) 2482 A2 0 0 9
83 313 Bt 240 24 0 0 0
635 313 <) 9 39 0 0 0
.2 313 31 238 238 0 0 0
63 A3 ksjt 5 36 ¢ 0 0
53 313 k<t 23 2 0 0 0
o4 321 kst 3 22 0 a 0
o4 313 X R 232 J 0 0
83 313 k<) &) 231 0 0 0
53 313 k<ht 229 220 0 0 0
85 313 k<3 8 3 0 9 ]
69 33 Bl 26 27 3 9 M
&4 313 k< 5 2 7 0 0
83 313 331 Pl 24 ] 0 ]
o4 33 ke 23 3 0 0 0
63 U3 331 21 2 J 0 0
53 313 ket oy =0 ¢ 7 0
65 313 X 219 219 o 0 9
56 U3 ke 218 218 pl 0 0
53 313 k<)) A7 217 0 0 D]
65 313 31 216 216 J 0 D

34




hedadnk

3
o4
=
TEST NWBER 244.01 .
-
€ TT-101 PT-06  PT~19  PT-100A PT-126 INT.3 INT.7 V.P. 4
SECS Des.F PSIG  PSIA  PSIA  PSIA VLTS WOLTS  DEG. |
135.0 63 A3 k<l 214 214 0 0 0 ]
136.0 53U B/ A3 A3 9 0 0 ]
137.0 PR SR <1} a2 a2 0 0 0
138.0 8 33 Bt 211 211 0 0 0
129.0 65 a3 B 20 210 0 0 0 1
140.0 5 313 B 209 29 0 0 0 _
141.0 PR T B <1 208 208 9 0 0
142.0 5 313 206 207 0 0 0
143.9 &5 A3 W 05 206 0 0 0 o
144,90 PO 1T S <1 04 204 b] b 0 i
145,0 R TE B < 203 2 0 9 0
146,0 s 313 B 02 202 b 0 0
147.0 P Th < 201 202 9 b] 0 1
48,0 5 N3 1t 00 201 0 0 0
149.0 85 33 M 199 19 0 0 0
150.9 FCR: Tt R < TR - B L o 9 0 0 1
151.0 85 U3 B/ 197 198 9 9 0
152,90 b 33 38 196 197 0 0 0
153.0 65 3 5 155 196 0 9 9
154.0 & u3 194 194 0 0 0
155.9 85 33 %2 193 193 0 0 0
156.0 o4 33 M9 i 192 D] 0 0
157.0 85 33 28 %0 190 0 0 0 ]
158.0 85 M3 29 189 189 0 0 3 .
159.0 65 33 20 {38 183 0 0 0
160.0 6§ M3 23 186 187 0 0 0 —
161.0 5 33 206 185 185 b) 0 0
162.0 &5 a3 20t 184 18 0 0 0
163.0 FCR 7)) 19 182 182 0 b] 0 :
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TEST DATE = 02/21/85
PROGRAM ENGINEER‘S NAME HOMA
TEST NUMBER 243.02
TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION FLOM TEST
(>, NRE NITS RO Al LOWER WSTF CAL, e DISPLAY  STORAGE
RANGE RANGE ] DATE
[ T7-101  Des.F TYPE K (SEGMENTED) 0 0 Q ¢ YES 1ES
1 TT-103  Des.F TYPE X {SEGMENTED) 0 0 0 0 YES NO
3 TT-115  Des.F TYPE X (SEGWENTED) 0 0 0 0 YES Ll
6 TT-118  Des.F TYPE K (SEGMENTED) 0 0 )] 0 YES NO
7 T7-120  Des.F TYPE K_(SEGMENTED) 0 0 Q [ YES N3
3 PT-0% PSIG 28,1555 8.1468%0 0 10000 1758 06/13/85  YES YES
9 PT-19 PSIA 9588 240370 9 300 1109 07/24/35 €S YES
10 £7-28 PSIG 5.3054 8.155830 0 10000 2634 05/08/35  YES Ng
12 PT-i00/  PSIA -1.1727 241900 [ 300 1110 Q7/29/85  YES 1ES
1S PY-126  PSIA -3.9801 233270 0 300 1303 07,25/85  YES YES
17 INT.8 YOLTS 0.0000 002440 0 0 0 12/12/85 N} YES
{8 INT.7 VLTS 0.0000 002440 0 0 0 12/12/88 N0 YES
2 v.P, DEG. 0.0600 . 856300 0 90 0 12/12/90  YES YES
k4 TT-201  Des.f TYPE C (SEGMENTED) 0 9 0 YES NO
40 TT-203  Des.F TYPE K {SEGMENTED) 0 0 0 0 YES Ng
4l TT-204  Des.F TYPE K {SEGMENTED) 0 0 9 0 YES NO
43 TT-208  Des.F TYPE K (SEGMENTED) ¢ 0 0 0 YES NQ
45 TT-210  Des.f TYPE K {SEGMENTED) 0 0 0 0 YES NO
4% m-21 Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO
PROGRAM VARIABLES STORED ON OISKETTE
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TEST NMBER  243.02

TIE TT-101 PT-06 PT-19  PT-100A PT-126 INT.3 INT.7 V.P,
SECS Des.F PSIG  PSIA  PSIA  PSIA VLTS WOLTS  DEG.
-9.0 70 313 12 12 12 [ 0 0
-8.0 70 313 12 { 12 ] ] 30
-7.0 70 313 12 12 13 0 0 30
~6.0 70 313 12 12 13 9 0 0
-5.0 7 313 12 12 12 0 ] 30
-4.0 70 313 12 12 12 0 0 0
-3.0 70 313 12 12 13 0 0 30
=2.0 49 313 12 12 13 0 0 30
-1.0 70 313 12 12 12 0 0 0
0.9 70 i3 12 12 12 0 0 30
1.0 70 13 329 n 45 0 9 »
2.0 L] 13 el 74 %0 9 0 »
3.0 n 313 330 106 109 0 0 3%
4,0 7 313 k< 113 113 ] 0 3
5.0 8 313 30 114 114 0 0 30
5.0 77 321 X0 14 114 0 0 29
7.0 7 313 330 113 115 0 0 2
8.0 ] U3 30 119 119 0 9 28
9.0 7S 313 330 119 {3 9 ] 8
10.0 74 313 30 118 115 0 o 27
1.0 s 313 330 1S 113 0 0 2
12,9 73 313 X0 {14 114 0 0 2
13.0 73 313 330 114 114 0 0 26
14,0 73 33 30 114 ti4 0 0 26
15.0 72 313 30 114 114 0 0 ol
16,0 1 313 320 113 113 0 0 3
17.0 70 313 30 13 113 9 0 Yol
18.0 72 313 30 113 13 0 Q 2
19.0 70 i3 30 13 13 0 9 24
20.9 70 313 30 13 113 J 0 3
210 70 313 330 13 112 0 0 23
2.0 70 33 30 13 12 0 0 2
23.0 134 313 30 112 112 0 0 2
24.0 49 313 X0 112 112 0 0 7}
2.0 134 313 330 112 112 0 0 2
26,0 59 343 330 112 12 Q 0 21
27,0 89 313 330 112 112 0 0 21
23.0 134 A3 329 112 112 0 0 21
29.0 48 33 329 112 112 0 0 21
2.0 69 313 329 112 112 9 ] 2
31.0 68 313 32 12 112 0 0 21
2.0 70 313 X0 13 12 ] 0 2
23.0 69 313 30 12 112 0 0 z
24,0 69 33 330 12 112 0 0 2
2.0 69 n3 330 112 112 0 0 2
26.0 89 313 X0 112 12 0 0 21
27.0 69 U3 0 112 12 0 0 2
28.0 69 313 39 112 112 0 9 A
2.0 313 k7ol 112 112 0 0 2
20.0 69 313 329 112 112 0 0 21
3.0 68 n3 329 112 112 9 0 21
87
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TEST DATE = 02/21/35
PROGRAM ENGINEER’S NAE HoPA
TEST ! 243,02
TEST DESCRIPTION NWVY TUBE FLAME PROPAGATION FLOW TEST
L NVE WITS A0 Al LOMER  PPER  WSTF CAL. DUE DISPLAY  STORAGE
RANGE  RANGE iD BATE
0 TT-101  Des.F  TYPE K (SEGWENTED) 0 0 0 0 ¥ES YES
1 TT-103  Des.F  TYPE K (SEGMENTED) 0 0 0 ) YES NG
s TT-115  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N
6 T-118  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES NO
7 TT-120  Des.F  TYPE K (SEGMENTED) 0 0 0 YES NG
8 PT-06  PSIG 28,1555 8. 146850 0 10000 1758 00/13/95  YES YES
9 PT-19  PSIA L9588 ,240390 0 300 1109 07/24/85  ¥ES YES
10 PT-23  PSIG 5.2054 8. 155630 9 10000 2654 05/08/35  YES
12 PT-1008  PSIA -1.1727 241500 0 300 110 07/25/85  ¥ES YES
15 PT-126  PSIA -3.9401 26270 0 300 103 07/25/35 €S YES
17 INT.3 VLTS 0. . 202440 0 0 0 21285 W YES
- 18 INT.7 VLTS 0.0000 002440 0 9 q 12712185 N YES
S 2% v.P. [€G. 0.0000 3 ] % 9 12/12/90 S YES
! 2 TT-201  Des.F  TYPE K (SEGMENTED) 0 0 0 YES N
{ T-203  Dea.F  TYPE K (SEGENTED) 0 0 9 0 vES ]
g " TT-304  Des.F  TYPE K (SECMENTED 9 0 0 0 3 NO
43 TT-208  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES w0
* 15 TT-210  Des.f  TYPE K (SEGMENTED) 0 0 0 0 YES N
i ° 4% TT-211  Des.F  TYPEK ( 0 0 0 0 YES N
o

PROGRAM VARIABLES STORED ON DISKETTE
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TEST NUMBER  243.02
T TT-101 PT-06 PT-19  PT-100A PT-126 INT.3 INT.7 V.P. -
SECS Des.F PSIG PSIA  PSIA  PSIA  VOLTS WS DG, 1
35,0 8 A3 W1 11 0 9 21 |
3.9 8 M3 3} 1 111 0 0 0 -
37.0 67 N3 W™t 111 0 0 20
2.0 8 A3 Ul 1 9 9 % -3
9.0 8 A3 W™ 11 0 0 ) R
40.0 67 33 3@ 1l 11 0 0 2
41,0 67 33 3 1N 11 0 0 19 o
420 8 33 1 {1 0 ¢ 19
43,0 7 A3 W1 111 0 0 19 .
4.0 67 33 W Ul 111 0 0 19 g
45,0 8 M3 I 1l 11 0 0 18 y
5.0 8 33 X 1l 11 0 0 18
47.0 8 A3 I 110 0 0 R -
48,0 & M3 3 0 110 0 0 i
49,0 &7 33 3 10 110 0 0 17 4
50.0 67 33 I 110 110 0 0 17
51.0 7 33 3 110 10 0 0 17
52.0 67 33 R U0 110 0 0 17
53.0 67 33 3 10 110 0 ) 17
54,0 & 33 W 10 110 ) 0 17
5.0 67 A3 Ry 10 110 0 0 17 ]
6.0 67 U3 3¥ 110 110 0 0 4
57.9 67 313 3 110 110 0 0 0 ]
S8.0 7 3M3 W 110 10 ) 0 9 -
59.0 6 33 W e 110 0 0 0
40.0 67 313 3 110 110 0 0 0 1
61,0 7 33 I 10 110 0 0 9
62,0 o7 33 3 110 110 9 0 0
63.0 67 3M3 3% 10 109 0 0 0 ;
84,0 67 33 W™ 109 109 0 0 0 ]
65,0 7 M3 R 109 109 0 0 0 1
66,0 67 33 3% 109 109 0 0 0 -
67,0 87 313 krsd 109 109 0 0 0 o
58,0 67 M3 I 109 109 ) 0 0
69.0 &7 M 3 109 109 0 0 0
70.0 &7 33 R W9 ¥ 0 0 0 P
.0 67 33 I 109 19 0 9 0
72.0 67 33 W19 109 0 0 0
73.0 7 33 3 19 109 9 0 0
74.0 87 A3 I 109 19 0 0 0 .
75.0 67 33 3 109 109 0 9 0 ;
76.0 67 33 W 109 109 0 0 0 .
77.0 67 33 W19 109 0 0 0
78,0 s M3 I 19 1w 9 0 0 -
79.0 8 33 W19 1e D) 0 0 :
0.0 67 33 3 109 19 0 0 0
31.0 67 313 W 109 109 0 0 9 p
2.0 &7 33 3 109 108 0 9 9
83.0 67 33 39 109 108 0 0 9
4.0 67 M3 3% 109 108 0 0 0
85,0 67 33 ¥ 108 108 0 N 0
6.0 67 33 @ 108 108 0 0 9 ]
37.0 67 313 I® 108 108 0 0 0
38.0 67 33 gk 108 108 0 [ 0 1
39.0 67 N3 ¥ 108 108 0 0 0 1
0.0 Y 3 39 108 108 0 0 b} 4
1.9 7 M3 2™ 108 0 0 0
2.0 7 313 3 18 108 3 0 0 1
93,9 67 33 3 108 108 9 0 0 R
94,9 57 33 3 108 108 3 0 9
%.0 67 312 2 108 08 9 0 0
.9 67 313 3 108 | 9 9 0
7.3 87 313 39 18t 2 9 b)
8.9 67 33 3 108 108 9 0 by
9.) 67 313 I 108 108 b) 0 0 e
100.9 o7 N3 3 108 108 ) 0 0
101.3 7 M3 X 108 i 9 0 0 -
(02,9 8 313 3 18 108 b 0 3
103.0 57 N3 3 w08 108 0 3 by - 4
104.0 »7 M3 X2 108 108 ) 3 9 :
105.9 87 313 B 108 108 9 0 0 1
106.9 57 M3 25 107 307 b 0 N :

Llsntinds sl

39

ol UL PRI IPULII L UP Uy W W W e solheomtsBsoateeiconte sttt




“3

TEST MMBER 243.02 1

TI%E TT-101 PT-06  PT-19  PT-100A PT-126 INT.3 INT.7 V.P. 4
SECS Des.F PSIG PSIA  PSIA  PSIA YOLTS  WOLTS  DEG.

107.0 8 N3 /6 107 107 0 0 0 ]

108.0 67 33 240 107 to7 0 0 0 3
109,90 67 M3 2% 107 107 0 0 0
110.0 67 33 22 106 108 0 0 0

1110 &7 33 200 106 104 0 0 0 A

112.0 67 313 (8 106 105 0 0 0 A

113.0 67 3 178 105 105 0 0 0 .

114.0 8 33 168 105 104 0 0 0 3

115.0 % 33 1S9 104 io4 0 0 0 ]
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TEST JATE = 02/21/85
PROGRAN ENGINEER'S NN HOMA
TEST NUMBER 243,93
TEST JESCRIPTION NAVY TUPE FLVE PROPAGATION FLOM TEST
.. NAL INITS A0 Al LOMER  WPPER  WSTF CAL, JUE DISPLAY  STCRAGE
RANGE RANGE 1D DATE N
0 TT-101  Des.F TYPE X (SEGMENTED) 0 0 0 0 YES YES
1 TT-103  Des.F TYPE K ! SEGMENTED) 0 ] 0 0 ¥ES N0
5 TT-115  Qes.? TYPE K (SEGMENTED! 9 0 0 0 ¥ES )
6 TT-118  Des.F TYPE K ' SEGMENTED) 9 9 ) 0 YES W
7 T-120  Des.F TYPE K :SEGMENTED) 0 0 0 YES NO
3 PT-06  PSIG 28,155 3. 146850 0 10000 1788 %/13/95  fES YES
9 PT-19  PSIA . 240390 b 300 109 0T/ YES YES
10 PT-28 PS5 5.2054 8.1 0 10000 2654 05/08/85  fES
12 PT-100A  PSIA -1.1727 241900 0 00 10 07/2558 (ES S
15 PT-126  PSIA -3.9401 <7y b 300 103 VR, ES 5
17 INT.3 YOLTS 30000 902440 0 0 0 12/2%8 W YES
18 INT.? VLT3 .0000 202449 0 0 b 12/12/85 N0 €S
% VP, DEG. 9,9000 0 90 J 12/12/90  ¥ES €S ]
3 TT-201  Des.i TYPE K (SEGMENTED) 9 b) o) b} vES N0
49 TT-203  Des.F TYPE K (SEGMENTED) 0 0 0 0 &S NO
4 TT-204  Des.F TYPE X (SEGMENTED) 0 0 9 0 (€5 N)
43 T1-208  Des.f TYPE K | SEGMENTED) 0 b 0 0 YES N :
5 TI-210  Des.F TYPE X | ) b) 0 0 0 S N 4
4% TT-211  Desa.F TYPE X (SEGMENTED) 0 J B 0 YES N
PROGRAM VARIABLES STORED ON DISKETTE
3
4
oy
-
‘o
]
5 e
- 1
= -

- -
f .

@ -

-9

- R

F. 5
F.

- Y

- 1
:- ) R
. A
@ R
3 R
‘. - ()1

. A |

N

2 .
b N

- \

® R

L [l

» ‘,

4 ~

E e . . ; oo ‘. . e L “L‘L. —ta i A."-‘A ™ 3 e .-\';n'_.s .n B Bt et S et i S R -‘~'.v-"""‘-""-‘“"‘-“"‘:1




TEST NUMBER  243.03
TIE TT-101 PT-06 PT-19  PT-100A PT-126 INT.3 INT.7 V.P.
SECS Dea.F  PSIG PSIA PSIA PSIA vaLTS LTS DEG.
-9.0 63 313 12 12 12 0 0 30
-8.0 45 A3 12 12 12 0 0 30
-7.0 65 313 12 12 13 0 0 30
~6.0 65 313 12 12 13 0 [} X
-5.0 63 313 12 12 13 0 0 30
-4,0 65 i3 12 12 12 0 0 .1)
-3.0 65 313 12 12 12 ] 0 30
-2.0 o4 313 12 12 12 0 0 30
-1 43 313 12 12 12 0 0 k]
3.0 83 21 12 12 13 0 0 30
1.0 65 313 328 19 3 0 0 39
2.0 49 05 32 n 38 Q 4] 40
3.0 73 313 329 107 106 0 0 e~
4.0 73 313 329 109 110 0 0 3
S.0 73 313 323 i1l 110 0 0 3
4.0 73 313 322 112 112 0 0 31
7.0 73 313 328 112 112 0 0 30
3.0 2 313 328 113 113 Q Q 30
9,0 72 A3 328 13 113 0 0 29
10.0 2 313 338 113 113 0 0 22
11.0 72 313 328 113 113 0 0 28
12.0 69 313 328 113 114 0 0 28
13.0 70 313 328 113 113 0 [} 28
14.0 49 313 28 113 113 0 0 27
15.9 b9 313 328 113 113 0 b] 27
16,0 69 313 323 13 112 0 0 27
17.9 69 A3 328 113 112 ] 0 27
18.0 59 313 28 112 112 ] 0 2
9.0 68 313 328 112 112 0 0 2
2.0 69 313 328 112 112 0 0 2
2.9 58 13 38 112 112 0 0 o)
20 o8 313 328 112 1" 0 0 2%
2.0 57 313 38 133 i 0 0 25
24.0 67 313 28 1 m Q 0 3
5.0 58 313 28 it 111 0 0 poi]
26,0 &8 313 328 11 111 bt} 0 3
22.0 47 313 328 11 111 0 0 24
3.0 67 313 328 111 110 0 0 2
29.0 87 313 I8 110 110 0 0 24
3.0 ] 313 328 110 110 0 0 24
3.0 67 313 38 110 110 0 0 24
R0 67 313 328 110 110 0 Q 8
3.0 b 313 328 110 110 0 Q 24
.0 67 313 328 110 110 0 0 24
5.0 &7 313 38 109 109 0 0 24
3.0 & 313 38 109 109 Q Q9 24
37.0 &7 313 328 109 109 0 0 24
38.0 ¢4 313 33 109 109 9 0 4
3%.0 &7 313 328 109 109 0 0 2
4.0 5 313 I8 109 109 ] 0 24
41,0 &7 313 38 109 108 0 0 24
42,0 &7 313 328 109 18 ") ¢ 24
43,0 56 313 328 108 108 0 0 pLs
44,90 b 313 33 108 108 0 0 24
45.0 bb 315 8 108 108 0 [} 28
46.0 &b i3 33 108 1038 0 v 24
47,0 &b 313 328 108 108 0 0 28
{ 48,0 5 313 328 108 108 0 0 S
49.0 &7 313 328 107 108 0 0 )
0.0 o7 313 33 107 107 [V} Q o)
S1.0 56 13 38 107 107 0 0 2%
S2.0 2% 313 38 107 107 i} Q 28
53,9 56 313 8 107 107 i} 0 26
4.0 b6 313 338 107 107 D] o} 7
35,9 57 313 18 107 107 0 9 7
6.0 &7 313 w8 i 107 0 0 7
7.0 87 313 327 {06 106 ] [} 7
! 8.0 23 513 33 i 106 Q 0 NA
{ 59.0 57 313 38 106 106 b b} 27
0.0 57 33 8 106 106 ¢ Q 7
5 51,0 £y 313 27 106 107 0 D] 3
> 52, 87 313 327 107 107 0 Q 3
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TEST MUMBER 143.03 ]

TE TT-101 PT-%  PT-.9  PT-100A PT-126 INT.3 NT.7 4.P.
X535 Jes.F  2SIG PSIA PSIA PSIA ALT3 YOS EG. §
33,9 56 313 28 107 107 b) b] ] 1
4.0 o7 313 7 107 107 B i) 3 b

5.0 57 313 216 108 108 b) ) R

2.0 87 A3 276 198 108 i) J >
57,0 5 313 4 108 108 3 b] 9 .
8.2 87 313 217 109 108 0 b ol :
59.90 67 313 192 109 109 b b} > b
70,0 67 313 170 109 108 b b 0 )
71.0 o 313 150 108 108 9 ) b3 ’
72.0 87 313 133 108 ! ) ) % 3

3.0 87 313 120 108 108 b ) )
749 & 313 12 107 107 3 b 3 1
5.0 5 13 108 106 17 3 3 3 B

76,0 67 313 106 106 106 9 3 n
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TEST DATE = 02/21/85
PROGRAN ENGINEER’S NAME HOMA
NURBER

TEST 243,04
TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE
H. NYE INITS A0 Al LOWER UPPER NSTF CAL. DLE DISPLAY  STORAGE
RANGE RANGE i) JATE
0 TT-101  Des.f TYPE K (SEGMENTED) 0 0 0 0 YES 7ES
1 T7-103  Des.F TYPE X (SEGMENTED) 0 0 0 0 YES NO
3 17115 Des.F TYPE K (SEGMENTED) 0 0 0 0 YES N0
6 TT-118  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES ]
7 T7-120  Des.f TYPE K (SEGMENTED) 0 0 0 0 YES N0
3 PT-06 PSIG 28.1555 8. 146850 0 10000 1758 06/13/85  YES 1E5
¥ 9 PT-19 PSIA 9588 . 240390 0 300 1109 07/24/85  YES YES
G 10 FT-28 PSIG 5.3054 8.155830 0 10000 2654 05/08/85  YES by
} 12 PT-100  PSIA -1.1727 241900 0 300 1110 01/75/85  YES YES
15 PT-12 PSIA -3,9401 233270 0 300 1303 07/25/85  YES YES
h 17 INT.3 VLTS 0. 002440 0 0 0 12/12/35 MO YES
X 18 INT.7 VLTS 0.0000 . 002440 0 0 0 12/12/8 N0 %£S
2 V.P. DEG. 0.0000 0 90 0 12/12/90  ¥%5 vES
L 3 TT-201  Des.F TYPE X {SEGMENTED) 0 b} 0 0 ES N
30 T-203  Des.F TYPE K (SEGMENTED) 0 0 ) 0 YES w0
1 4 TT-204  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES N0
3 TT-208  Des.f TYPE K {SEGMENTED) 0 0 D) 0 YES N
y 5 T7-210  Des.F TYPE K (SEGMENTED) 0 0 0 0 ES N0
® 4% TT-211  Des. TYPE K (SEGMENTED) 0 ) 0 0 YE3 w0
[ PROGRAM VARIABLES STORED ON DISKETTE
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TEST NRBER  243.04

TIE TT-101 PT-06  PT-19  PT-100A PT-126 INT.8 INT.7 LP.
SECS Des.F PSIG PSIA  PSIA  PSIA  VOLTS LTS  DEG.
-9.0 5 U3 12 12 12 0 0 2
4.0 85 33 12 12 12 0 0 2 .
-7.0 s 33 12 12 13 0 0 30 |
-6.0 55 U3 ! 12 13 0 0 kY
-5.0 55 3 12 12 12 0 0 30
-4.0 65 33 12 12 12 0 0 )
-3.0 65 313 12 12 12 0 0 30
-2.0 55 313 12 12 12 0 0 0
-1.0 % 313 12 12 12 0 ] 0
0.0 4 33 12 12 12 ] 0 £
1.0 5 313 %6 19 39 0 0 2
2.0 59 313 34 73 86 0 0 3
3.0 N3 2w 108 0 0 %
4,0 3 33 27 12 112 0 0 R i
5.0 73 313 2 114 114 0 9 3
5.0 73 w7 115 115 . 0 3
L 7.9 73033 W 145 S 0 0 0
! 3.0 U3 28 116 115 0 0 28
9.0 3 N3 s 116 15 9 0 b4
{ 10,0 ”O3AM3 N6 1S 115 2 0 a
11.9 6 33 32 s 15 0 0 bid
: 12.0 0 33 16 1S 1.5 0 0 big
13.0 0 05 32 115 1135 0 0 2
140 700 33 R 114 114 0 0 2% .
[ ¢ 15.0 59 NI e LI 118 0 by po] )
L 16.0 69 313 W 118 t14 0 0 >
17.0 S N 1T B 7 H4 114 0 0 2
. 18,0 69 313 Rb 113 113 0 0 24
2 19.0 8 M3 b 113 113 0 0 2
i 20.0 o9 M3 W& 13 13 N 3 3
2.0 8 3 26 113 13 0 0 p!
2.0 67 33 W6 113 13 0 0 2
[ 2.0 8 33 3% 13 112 0 0 2
] 240 8 3M3 W6 {13 12 0 0 2
- 2.0 87 33 26 112 112 2 0 21
‘ 2.0 8 w3 W Uz 112 0 2 2 )
3 - 21.0 53 % 112 112 0 D) 21
i 8.0 87 313 32 12 112 0 0 2
2.0 o N3 Wb 2 112 0 0 2
3.0 o7 33 06 112 112 0 0 2
31.9 57 N3 32 1z 12 0 0 20
32.0 57 313 32 112 11 i) 0 2
1.0 7 33 38 tH1 11 0 ) 20
3.0 57 313 8 11t 111 0 0 2
) 35.9 57 M3 X0 1t 11 b 0 2
%.0 6 N3 X5 110 110 0 0 2
E 37.2 57 U3 21 10 110 ] 2 19 [}
: 8.0 57 313 X8 109 109 0 0 19
1 3.9 06 o3 196 f 199 b] b i
- 0.9 % 33 185 { i 9 3 19
o 41,0 s 312 175 108 108 b} 9 19
42,0 .y 205 165 107 197 0 3 :
43,0 % 33 17 106 196 ] 9 {9
] )
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: TEST DATE = 02/21/85
- PROGRAM ENGINEER’S NAME HOMA
‘ TEST MMBER 243,05
. TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE
- L. NVE INITS A0 Al LOMER  UPPER  WSTF CAL. DUE DISPLAY  STORAGE
RANGE  RANGE 0 DATE
T 0 T-101  Des.F  TYPEKX ¢ ) 0 0 0 0 YES
. { T1-103  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES )
- 5 TT-115  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0
Lt 6 7118 9. TYPE K (SEGMENTED) 0 9 0 0 YES N0
7 7-120 . TYPE K_(SEGMENTED) 0 0 0 0 YES N
X 8 PT-06  PSIG 28,1535 9.144850 0 10000 1758 05/13/85  YES YES
9 PI-i9  FSIA .9588 . 0 300 1109  07/24/85  YES YES
10 PT-28  PSIG 3054 8. 155330 0 10000 2634  03/08/85  YES NG
12 PT-1004  PSIA -1.1777 . 241900 0 300 1110 07/25/85  YeS YES
15 PT-126  PSIA -3.9401 233270 0 00 1203 07/25/85 YES YES
- 17 INT, 15 . . 002840 0 0 0 12/12/88 N0 YES N
18 INT YOLTS 0.0000 . 002440 0 0 9 1212188 W YES K
26 v.P, 3 0. . 0 9% 0 12/12/90  YES YES X
3 TT-201  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES ) K
40 TT-203  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES NO
4 T-204 o.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 .
4 7-208 . TYPE K (SEGENTED) 0 0 0 0 YES NO .
It T7-210  Des.F  TYPE K (SEGMENTED) 0 0 0 0 ¥ES NO .
— 4% TTI-211  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 o
 d 4
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TEST MMBER  243.05

THE TT-101 PT-06 PT~19 PT-100A PT-126 INT.8 INT.7 V.P,
SECS Des.F PSIG PSIA PSIA  PSIA  VALTS VOLTS DEG.

-.0 o 305 12 12 12 0 0 » -
-8.0 “ 27 12 12 12 0 0 0 -
-7.0 a7 12 12 12 0 0 0 "
.0 a1 12 12 12 0 0 % -.
-5.0 TR U 12 12 12 0 0 0
-4.0 “u N5 12 12 13 0 0 X .
-3.0 97 12 12 12 0 0 30 K
2.0 &5 A7 12 12 12 0 0 30 -
-1.0 a7 12 12 12 0 0 0 .
0.0 “ 37 12 12 12 9 0 » i
1.0 o 7 N7 13 14 0 0 2 .
2.0 A 7 A7 15 15 0 0 2 -
3.0 “ 3 W 16 17 0 0 0 d
4.0 85 1 316 18 19 0 0 2 :
5.0 & [7  3Us 20 0 0 0 4
6.0 S B W 2 2 9 0o X 1
7.0 &5 D7 A 28 24 0 0 2 §
8.0 % 7 AS = p-] 0 0 » 1
9.0 6 7 S 2% 2% 0 0 2 ¥
10.0 & B NS 27 2 0 0 27 )
11,0 & 237 A 23 28 0 0 ped i
12.0 % 27 S 23 2 0 0 2
- 13. & 297 U 2 2 0 0 18
g 18, o7 305 S 2 k) 0 0 14
® 15.0 & 297 U5 2 '] 0 0 8
- 16.0 o1 M S 3 3t 0 0 0
- 17,0 &% 297 NS 7 R 0 0 0
b 18.0 % N S k<] k73 0 0 0
- 19.0 8 7 AUS k] 3 0 0 0
20.0 & N5 S 3 A 0 0 0
_ 21,0 & 27 S U H 0 0 0 .
3 2.0 o7 X5 NS s 3 0 0 0 :
; .0 7 35 3 £ 0 0 0
24.0 o [ AS % % 0 0 0 y
.0 & B S 37 kY4 0 0 0
. 2.0 & 37 s ko4 37 0 0 0
.0 o7 BT S B 33 0 0 0 E
28.0 o /1S » ] 0 0 0 3
2.0 7 WS NS ¥ 3 0 0 0 .
0.0 &7 37 S 9 3 0 0 0 )
31.0 87 21 S ) ) 0 0 0 !
.0 8 38 S 3 4 0 0 0 -
3.0 7 ¥ A3 1 4 0 0 0
34.0 &7 305 35 42 £ 0 0 0 .
3.0 8 21 AS 2 2 0 0 0 .
0 8 73U ” 43 0 ) 0 >
37.0 87 21 S 44 43 0 0 0
38.0 8 N5 S “ i 0 0 0 4
3.0 &7 J 3 “ “ 0 0 0 .
- .0 &7 X1 3S " 45 0 0 0 .
41,0 o7 B/ S 45 I 0 0 0 .
42.0 7 X5 S % @ 0 0 0 .
43,0 05 S % % 0 0 0 1
4.0 o7 3 3AS " % 0 0 0 A
15.0 8 308 3uS 4 1Y 0 0 0 -
%.0 8 27 A5 8 47 0 0 0 j
7.0 o7 X7 S 48 8 0 0 0
48.0 o7 X5 38 48 48 0 0 0
49.0 8  ® A 49 49 0 0 0 9
0.0 &7 N5 S 9 9 0 0 0 1
51.0 b ¥ AuS ) 9 0 0 0 R
2.0 67 B71  AuS 50 50 0 0 0 R
53,0 89 27 S S0 50 0 0 0 4
.0 8 M S 51 51 9 9 0 g
.0 87 ¥ AU 51 51 0 0 0 ]
.0 7 WS 35 52 2 0 0 0 .
7.0 87 BT US 52 52 9 0 ¢ b
8.0 9 [ NS 52 3 0 0 0
> 9.0 8 B A5 53 53 0 0 0
\ 0.0 7 N1 NS 3 3 0 0 0 :
: 61,0 %5 33 3 4 0 0 0 3
o 62,0 87 BT 34 4 54 0 0 0 i
> - 1
o 4
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TEST NIBER  243.05
e TI-101 PT-06 PI-19 PT-100A PT-126 INT.3 INT.7 V.P.
SECS PSIA  PSIA  PSIA

Des.F  PSIG VLTS VOLTS  DEG. ot
63.0 67 05 34 54 54 0 0 0 e
0 8 297 3 55 5 0 0 0 -l
.0 1 B W TS 0 0 0 )
.0 67 P/ 3 s 0% 0 0 0 -
87.0 & 5 34 % 0% 0 0 0
8.0 ¥ 4 % B 0 0 0 -
69.0 & W M % % 0 9 0 4
70.0 8 9 W 5 g 0 0 0 i
1.0 IS/ B T 57 5 0 0 0 <
: 72.0 8 B W T 5 0 0 0 »
! 73.0 61 B 3 8 5 0 0 0 -]
L 74,0 % 4 8 0 0 0 <
75.0 %7 4 8 % 9 0 0
76.0 & W M 0B % 0 0 0 L
.0 & ¥ M H %9 9 0 0 L
X & B/ M 5 0w 0 0 0 -9
9.0 8 37 M N K 0 0 0 ]
X &1 X W W & 0 0 0 -
81.0 & [ M 0 W 0 0 0 “-]
X & 21 34 & 0 9 0 0
20 6 B e 4 &l 0 0 0
1 .0 67 05 34 81 81 0 0 0 . j
.0 &1 [T 3 s 81 0 9 9
.0 87 37 34 81 61 0 0 0 o
87.0 & 14 82 82 0 0 0 ),
.0 6 05 4 & & 0 0 0 ;
9.0 67 N7 3 2 8 0 0 0
.0 8 B 3 &8 8 0 0 0 )
91.0 & BT W 8 8 0 0 0 o
X 81 B[ U8 &8 8 0 0 0 "
X & ¥ WM 8 & 0 0 0 A
9.9 7 BT M 8 M 0 0 0
.0 7 W M ou M 9 0 0
9.0 & BT A4 M M 0 0 0
97.0 87 305 34 s M 0 0 9
.0 67 BT 34 M 0 0 0
.0 8 BT M &5 65 0 q 0 :
100.0 % 2 0 65 &5 0 0 0
101.0 & [ W S & 0 0 0
102.0 & B 2B 5 88 0 9 0
103.0 & W M 65 &S 0 0 9
104.0 7 N5 26 &5 4 0 0 0
105.0 &1 305 A2 85 &5 0 0 0
106.0 8 X/ 19 5 S 0 0 0
107.0 8 2 187 &5 5 0 0 0
20 81 [T {76 85 0 0 0
109.0 & [ 15 o oA 0 0 0
110.0 6 X5 155 M4 o 0 0 0
11,0 67 BT 1% A oM 0 0 0
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TEST DATE = 02/21/8% )
PROGRAN ENGINEER’S NAME HOM
TEST 243,06
TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION TEST, $S TUBE ]
., NE WITS 0 Al LOER  UPPER  WSTF CAL. DUE DISPLAY  STORAGE
RANGE  RANGE i) ). 1
-
0 TT-101  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES YES N
{ TT-103  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 "9
s TT-115  Des.F  TYPE K (SEGHENTED) 0 0 0 0 YES N0 =g
s TT-118  Des.f  TYPE K (SEGMENTED) 0 0 0 YES N -
7 TT-120  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N
8 PT-06  PSIG 28.155% 8, 146850 0 10000 1758 06/13/85  YES YES -
9 P1-19  PSIA L9568 ¥) 0 300 1109 07724785  YES YES
10 PT-28  PSIG . 3054 0 10000 2454 108/ YES )
12 PT-100A PSIA 1.1 . 241900 0 200 1110 07/25/85  YES YES
13 PT-126  PSIA -3,9401 23210 0 300 1303 01/5/85  YES YES .
17 INT.8 VLTS 0.0000 . 002440 0 0 0 1212/85 N YES 9
18 . VLTS 0. . 002440 0 0 0 12127/85 N YES .
% V.P. DEG. 0. . 0 ) 0 12/12/90  YES YES 1
£} TI-201  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES )
40 TT-203  Des.F K (SEGMENTED) 0 0 0 0 YES ] X
4 TT-204  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES [T] -
L] T1-208  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES ] 4
45 TT-210  Des.f  TYPE K (SEGMENTED) 0 0 0 0 YES N wid
73 T71-211  Des.F  TYPE X (SEGENTED) 0 0 0 0 YES NO ;
l—.*
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.
-4
;
|
el
o
-d
=]
-1
* 0
T
]
o 99 R




TS LA it i e L ISR AT ek s o e i it " e ~ 8- e M S =i 0 < StRie Sl A b R i AR SR RSt Sl cas omue BB ait g

TEST MMBER 243.06

TINE 1T-101 PT-06 PT-19 PT-100A PT-126 INT.3 INT.7 WV.P.
SECS Des.F PSIG PSIA PSIA PSIA  VOLTS VOLTS DEG.
-9.0 4 21 12 12 12 0 ¢ k.
-8.0 <] 7 12 12 3 0 k)
-1.0 o 27 12 12 13 9 0 k]
6.0 83 ¥/ 12 12 12 0 0 0
-3.0 &4 - /4 12 12 13 0 0 2
4.0 83 o7 12 12 13 0 0 k]
<3.0 8 29 12 12 12 0 9 K
=40 83 o 12 12 12 0 0 2
-1.0 &3 97 12 12 12 0 0 0
9.0 o4 27 {2 12 13 0 9 X
1.0 o4 297 N2 3 9 ] 0 k4
20 ] 7 310 76 86 0 0 3
3.0 10 =14 A3 106 107 0 0 K
4.0 7 m i3 i 112 0 0 R
3.0 2 ol 313 13 13 0 [ R
4.0 b =24 313 it4 114 0 0 3
1.0 n o ld 313 115 {13 9 0 k]
8.0 n 7 312 13 1135 0 0 2
9.0 70 27 312 s 13 0 0 2
10.0 &9 24 312 13 113 0 0 ]
1.0 89 297 312 13 113 0 0 r24
12,0 89 297 32 114 114 0 0 Z
13.0 89 27 312 114 14 9 0 27
14.0 48 27 312 13 13 0 0 z
18.0 48 297 32 13 13 0 0 2%
16,0 (Y] 7 312 113 13 0 0 %
17.0 87 7 312 12 112 0 0 =]
18.0 8 redd 312 112 112 0 0 o]
19.0 67 e id 312 112 112 0 0 r~}
2.0 87 rold 312 t12 1t 0 0 24
21.0 &7 7 312 1 i 0 0 2%
2.0 ] o7 A2 m 111 0 0 24
3.0 87 97 312 i 111 0 0 2%
24,0 [ 7 110 110 0 0 P
3.0 &7 97 312 110 110 0 q 28
28,0 & sl 312 110 110 0 0 24 .
21.0 ] radd 32 109 109 0 0 24
28. ) 29 312 109 109 0 0 24
2.0 [ 27 312 109 109 0 0 24
2.0 [ m 32 108 108 9 0 20
3.0 ) 9 312 108 108 [ ] P
. &% 297 312 108 108 0 0 24
3.0 83 Pl 312 108 108 0 0 24
.0 & 297 312 107 108 0 0 24
B.0 8 a7 312 107 107 90 0 24
3.0 & reid 312 107 107 0 0 A
3.0 8 97 7 106 104 [\ 0 2%
3.9 & red 106 106 0 0 Yol
3.0 8 29 2 106 106 9 0 =
~ 40.90 [ rali 249 106 108 0 0 yol
0.0 & 297 24 103 103 [ 0 2%
42,0 8 297 21 104 104 0 0 v
43.0 8 27 104 104 0 0 r
4.0 5 27 195 103 103 0 9 28
45.0 ] 297 176 103 103 0 0 3
45.0 &8 297 153 103 103 )] 0 0
47.0 [ 97 123 103 0 0 R
48. 45 97 104 103 3 0 0 k<]
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TEST DATE = 02/21/8%
PROGRAM ENGINEER‘S NAME HOMA
NUMBER 243.07
TEST DESCRIPTION NWY TUBE FLAFE PROPAGATION TEST. SS TUSE
odL. NAE UNITS A0 Al LOMER UPPER ST CAL. DUE DISMLAY  STORAGE
RANGE RAMGE 0 DATE
0 T7-101  Des.F TYPE K ( ) 0 0 0 0 YES YES
1 T-103  Des.F TYPE X (SEGMENTED) 0 0 0 0 ¥ES N0
3 T-115  Des.F TYPE K ¢ ) 0 0 0 0 YES NO
4 1T1-118  Des.F TYPE K ( ) Q 0 0 0 YES NO
? TT-120  Des.F TYPE K _(SEGMENTED) 9 0 0 0 YES N0
8 PT-06 PSIG 28,1558 8. 146830 0 10000 1758 08/13/83  YES YES
9 PT-19 PSIA 9988 240390 9 300 1109 07/24/85  YES YES
10 PT-28 PSIG 5. 2054 8135830 0 10000 2454 05/08/85  YES NO
PT-100A  PSIA -1.1727 241900 0 300 1310 07/25/85  YES YES -
! PT-126  PSIA <3. 940t . 0 9 300 1303 07/25/83  YES YES -1
17 INT.8 VLTS . 002440 0 0 9 12/12/85 MO YES .
18 INT.7 VLTS 0,0000 002440 0 9 0 12/12/85 NO YES -
26 V.P, DEG. 0. 0000 856300 0 %0 0 12/12/90  YES YES -
k- TT-201  Des.F K (SEGMENTED) 0 0 0 0 YES NQ -~
L] 17-203 F TYPE K (SEGMENTED) 0 0 0 0 J33 NO -
4 TT-204 .F TYPE K (SEGMENTED) 0 0 0 0 YES NO .
43 T7-208  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO 2
45 TT-210  Des.f TYPE K (SEGMENTED) 0 0 0 0 YES NO .-
4% TT-211  Des.F TYPE K (SEGMENTED) 0 0 [ 0 YES N0 3
—
PROGRAM VARIABLES STORED ON DISKETTE 4
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TEST MMBER 243.07

e TT-101 PT-06 PT-19 PT-1004 PT-126 INT.3 INT.7 V.P.
SECS Des.F PSIG PSIA PSIA PSIA VLTS VLTS 3
4.0 L] m 12 12 12 0 0 0
.0 -] roUd 12 12 12 0 0 %
<7.0 83 27 12 12 13 90 0 »
-5.0 ] 7 12 12 ] [ 0 k.
-5.0 3] 297 12 12 13 0 9 0
4.0 o4 p2l 12 12 13 0 0 0
-3.0 5] 97 12 12 12 0 0 30
<2.0 & N 12 12 13 0 0 k]
-1.0 ] 297 12 12 13 0 0 30
0.0 2] roid 12 12 12 9 9 k]
1.0 A 237 314 14 14 0 [\ k)]
2.0 63 24 314 15 16 9 0 0
3.9 [ ] 97 i3 17 17 0 ] 0
4.0 [ 289 a3 19 20 0 9 k.
3.0 [ 97 ik 2 2 [ 0 0
6.0 ] 27 A3 i} 0 0 0
1.0 & 237 313 -3 -] 0 0 0
8.0 5 289 A3 % 2% 0 0 2
9.0 85 289 312 r24 ris 0 0 rig
10.0 [ 27 12 z V] 0 0 23
11.0 8 2 d4 312 23 v} 0 0 2
12.0 87 97 312 2 2 0 0 20
13.0 87 27 12 3 3 0 ] 15
14.0 87 297 12 2 k. 0 0 10
13.0 5 o 12 k1| 3 0 0 3
16.0 67 7 312 3 2 0 9 0
17.0 297 12 31 R 0 0 0
18.0 il 12 R k3 0 0 0
19.0 67 27 12 k] k<) 0 0 0
2.0 [ 7 12 B Kol ¢ 0 0
2.0 ] roid A2 Kod n 0 0 0
.0 -] o4 12 el 3 0 0 0
.0 87 297 12 3 B 0 0 0
2.0 87 297 12 k] k. 0 0 0
.0 289 12 3% % 0 0 0
25,0 [ 289 312 k24 k2 ¢ 0 0
7.0 48 2? un kY ki 0 90 0
.0 87 297 312 3 38 0 0 [
2.0 &7 297 12 B s 0 0 [
.0 i 12 » 39 0 0 0
3.0 67 97 12 39 0 0 0 0
32.0 6 -l 2 L 0 0 0 9
k<N 87 297 312 9 4 0 0 0
4.0 &7 289 12 4 4 0 0 9
3.0 [ 297 12 4 2 0 0 0
36.0 67 re N2 2 42 0 0 [
37.0 87 27 312 2 2 0 0 0
.0 297 m 43 3 [ [ 0
39.0 87 rid 269 3 43 [ [ 0
40.0 87 297 31 3 43 0 0 0
AL0 67 297 24 “ M 9 0 0
42.0 ) 297 220 “ “ 0 [ 0
.0 87 297 206 “ “ 0 0 0
.0 8 redd 194 44 “ 0 [ 0
43.0 87 289 182 “ “ 0 0 0
46.0 289 n “ 45 0 0 0
47.0 87 27 161 4 “ 0 0 0
48.0 86 m 151 “ “ 9 ] 0
9.0 b 27 142 “ “ 0 0 0
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TEST DATE = 02/22/83

PROGRAM ENGINEERS NAME HOMA

TeST 243.08

TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION TEST, S$S TUBE
L. NVE UNITS L] Al LOMER UPPER WSTF CAL. UE DISPLAY  STORAGE

RANGE RANGE ] DATE
] T1-101  Des.F TYPE K (SEGMENTED) 0 0 9 0 YES YES
1 T1-103  Des.F TYPE X {SEGMENTED) 0 ] Q 0 YES N0
3 T-115  Des.F TYPE K ( ) 0 0 0 0 YES NO
[ TT-118  Des.F TYPE K (SEGMENTED) 0 9 0 0 YES N0
7 T7-120  Des.F TYPE K (SEGMENTED) 0 0 ] 0 YES NO
8 PT-04 PSIG 281559 8. 146850 [\ 10000 1738 06/13/83  YES YES
9 PT-19 PSIA .9568 240390 0 300 1109 07/24/85  YES YES
10 PT-28 16 . 3054 L1 0 10000 2654 03/08/85  YES NO
12 PT-1004  PSIA ~1.1727 . 241900 0 300 1110 07/25/85  YES YES
13 PT-1286  PSIA -3.9401 . 0 0 300 1303 07/23/85  YES YES
17 . VLTS 0.0000 . 002440 0 0 0 12/12/88 NO YES
18 NT.7 VOLTS 0.0000 002440 0 9 0 12/12/85 N0 YES
2 .P. DEG. 0. 0000 . 0 90 [ 12/12/90  YES 1ES
3 TT-201  Des.F TYPE K (SEGRENTED) 0 [ 0 YES NO
T1-203  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES

41 T-204  Des.F TYPE K (SEGMENTED) Q 4 [\ 0 YES NO
43 T-208  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO
45 T1-210  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO
% TT-211  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NG

PROGRAM VARIARLES STORED ON DISKETTE
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TEST MAMBER 243.08

e TT-10t PT-04 PT-19 PT-100A PT-126 INT.3 INT.7 V.P. !
SECS Des.F PSIG PSIA PSIA  PSIA  VOLTS WOLTS DEG. \
-9.0 % 3 12 12 13 0 0 2
-8.0 57 R 12 12 13 0 0 0
-1.0 ST 30 12 12 13 0 0 20
-6.0 % 321 12 12 13 0 0 2
5.0 57 3% 12 12 13 0 0 2
-4.0 7 2 12 12 13 0 0 ')
-3.0 % 1 12 12 13 0 0 0
-2.0 8 2 12 12 13 0 0 »
-1.0 % 30 13 12 13 0 0 ]
0.0 % X0 12 12 12 0 0 %
1.0 % 2 M 2t 9 0 0 » \
2.0 R VW B 1B N 0 0 51
3.0 & R W w2 M 0 ] 4
4.0 8 VW B M B 0 0 %
5.0 o A B D4 5 0 0 H
6.0 5 21 BB I 9 0 0 A
7.0 o4 P W 97 28 0 0 3
8.0 2 2 X® N7 % 0 0 <]
9.0 o R 3\ 7 M 0 0 3
10.0 % 2 BB W 297 0 0 k<]
1. 7 R B8 % 97 0 0 3
12.0 7 T < - . T 0 0 B
13.0 S 2 X8 N5 25 0 0 k<]
14.0 LT R < B TR 0 0 3
15.0 55 ® 0 X8 94 A 0 0 k]
16. 3 W X3 I3 oA 0 0 3
7. 2 2 ¥ 223 M3 0 0 3 .
18.0 2 2w W M ;N 0 0 3 .
19.0 st 21 ®B M M 0 0 B k
20.0 CTIE - R <~ I, B | 0 0 3 4
2. 51 32 X8 WM ;N 0 0 3 ]
.0 st 2 3B M M 0 0 k<t :
2.0 T < > TR - 0 0 k<] b
2.0 CTO: - TR < S B 0 0 3 )
.0 St @ W 3 M 0 0 R F
.0 0 X B I 9 0 0 k<] 4
.0 0 RN W/ N B 0 0 B , 9
.0 0 W X8 5 % 0 0 3
2.0 51 32 O3 O H 0 0 3 :
2.0 0 32 P8 7 97 0 0 k<] :
) 31.0 st 32 X8 X7 298 0 0 3 {
- . 0 2 X8 29 9 0 0 <] :
) 3.0 st 33 X ¥ 297 0 0 B ;
RN 34.0 49 1 3B 5 2 9 0 <] :
- 5.0 st 32y X 25 2% 0 0 3
- .0 % 313 W 5 B 0 0 k<] 3
.0 & NI BB 94 X5 0 0 3
.0 9 (O < S < B ) ¢ 0 k<) 1
o 2.0 P TE R < - B ) 0 0 R 4
b 40.0 0 R O ® N M ] 0 k<] J
- ~ 4.0 50 1 38 22 3 0 9 k< ]
oy 2.0 ® 33 B N MM 0 0 3
L 43,0 9 1 X W M 0 0 3 1
. .0 0 313 X7 I 93 0 0 3 .
[ 45.0 % 2 ¥ m W 9 0 B J
46,0 I TR </ . TR, 0 0 3 1
X 47,0 0 33 n7 25 0 0 3
@ .0 N X W I 0 0 3 d
- 49.0 O 33 W 9 M3 0 0 3
= .0 50 TR B TR 0 0 R {
e 51.0 TR </ A S, ) 0 0 k<] 4
s 52,0 9 m  ;» B % 0 0 R 4
s 3.0 » R R M D5 0 0 k) A
0 50 R [ 3 0N 0 0 2 J
[ - 5.0 9 1 <V < B ] 0 0 R E
. .0 ¥ 3 ¥ Mm@ 33 0 0 2
- 57.0 0 ®W [ N M 0 0 R 3
58.0 0 N I M M 0 0 k7]
® 59.0 50 21 k<7 ]| 92 0 0 R |
P 80.0 » 2§ /W ™M W 0 0 3
- 61,0 O TE <) B < B <1 9 0 <]
62.0 ®» 21 B B M 0 0 k<]
p
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TEST MUMBER 243.08

TIE TT-101 PT-06 PT-19 PY-100A PT-126 INT.3 INT.7 V.P.
SECS Des.F PSIG PSIA PSIA  PSIA  WALTS VOLTS DEG.
83.0 0 21 17 294 295 0 Q R
0 0 74 k<t 93 296 0 0 k<]
85,0 30 321 37 296 7 0 0 <]
66.0 51 321 <24 7 297 0 0 3
67.0 49 21 7 297 298 0 0 k<)
68.0 0 321 337 296 237 0 0 R
49.0 50 o 37 93 296 0 0 R
70.0 49 321 7 94 294 0 0 R
1.0 50 321 7 R 2 0 0 2
72.0 49 321 37 288 289 0 4 3
73.0 49 31 k<14 284 286 0 Q 0
74.0 L34 21 X7 283 284 [ 0 0
750 49 1 337 281 282 0 0 0
76,0 48 31 2 pas:] n 0 0 0
77.0 9 21 307 276 226 0 0 0
78.0 48 21 a7 73 mn 0 0 0
79.0 49 321 289 70 n 0 0 0
0.0 48 1 p:-] 257 258 0 0 0
81.0 47 J2 n 265 25 0 0 0
82.0 k4! nm 262 83 0 0 0
3.0 32t 268 pord 250 0 0 0
84.9 47 2 265 7 57 0 0 0
83,0 47 321 261 254 233 0 0 0
36.0 21 258 11 232 9 9 Q
q
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TEST DATE =
PROGRAM ENGINEER’S NAME

TEST MIMBER
TEST DESCRIPTION
. NAME UNITS 0

o T ey r—rey e v A ot S S " S B S e gt e hm i o i

02/22/85
HOMA

243,09
NAVY TUBE FLAME PROPAGATION TEST, MONEL TUBE

PROGRAN VARIABLES STORED ON DISKETTE

e

ey

Al LOWER UPPER RSTF
RANGE RANGE i0
0 T7-101  Des.F TYPE K (SEGMENTED) 0 0 9
{ T7-103  Des.f TYPE K (SEGMENTED) 0 0 0
3 TT-113 . TYPE K (SEGMENTED) 0 9 0
[ TT-118  Des.F TYPE K (SEGMENTED) ] 0 0
7 17-120 F TYPE K (SEGMENTED) [ 0 0
9 PT-06 PSIG 2,193 8. 146850 0 10000 1738
9 PT-19 PSIA . 240390 0 00 1109
10 PT-28 PSIG 5.3054 5 0 10000 2654
12 PT-100A  PSIA =1.172 241900 0 300 1110
13 PT-126  PSIA -3.9401 . 0 300 1303
17 INT.8 VOLTS . 002440 0 0 0
19 INT.7 VLTS 0.0000 002440 0 0 [
2% V.P. DEG. 9. . 0 90 0
T7-201  Des.f TYPE K (SEGMENTED} 0 0 0
40 17-203 . TYPE K (SEGMENTED) 0 0 9
4l T7-204  Des.F TYPE K (SEGMENTED) 0 0 0
43 7-208 . TYPE K (SEGMENTED) '] 0 0
43 =210  Des.F TYPE K (SEGMENTED) 0 0 0
4 TT-211  Des.F TYPE K (SEGMENTED) 0 0 0

106
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CAL, DUE DISPLAY  STORAGE
DATE
0 YES YES
0 YES NO
0 YES N0
0 YES N
0 YES NO
06/13/85  YES VES
07/24/85  YES YES
05/08/85  YES Yo
07/25/35  YES YES
07/25/85  YES YE3
12/12/85 N0 B
21285 W €3
12/12/190  ¥ES vEs
0 YES NG
0 YES N
9 YES N
0 YES N
¢ YES N0
0 YES NG
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TEST MMBER 243,09
e TI-101 PT-06 FT-19  PT-100A PT-126 INT.3 INT.7 V.P. ~
SECS Des.F PSIG PSIA  PSIA PSR YOLTS VLTS  DEG. -
N
4.0 % @ 13 12 13 9 S .
-8.0 » w12 12 13 0 0 —
-1.0 » 2 2 12 1 0 0 )
6.0 % w12 12 143 0 0 X -
5.0 0 2 o2 12 3 0 0
4.0 $ 2w 12 12 13 0 0 -
-3.0 ® = 3 12 13 0 0 3 S
2.0 % 21 2 12 13 0 0 N .
-1.0 S 2 12 12 3 0 0 X 3
0.0 ¥ 2 2 12 13 0 0 X ~
1.0 5 wm  ® 7 0 0 B o
20 8 2 2 3180 9 0 3l o
30 8 2 A8 B 25 0 0 8 -
4.0 & a3 B B » 0 0 1
5.0 8 »W B MW 3 0 0 B
8.0 8 W W % 0 0
7.0 & M W /M 0 0 B
3.0 4 W ¥ M 0 0 B
9.0 8 M ™ ® W 0 0 B
10.0 2 2t W B 0 0o 2
11.0 0 M3 ™| B M 9 0 2
12,0 % W W M 25 0 0
13.0 MW W M 0 0 R
14,0 ¥y Oom Oy ™\ ™M 0 0 -
15.0 7 R Xy ™ 0 0 ’
1.0 % 3 W m m 0 0 % E
17.0 4033 W ™ M 9 0 2
18.0 S W W’ P B 0 0 2
1900 oW N M 0 0 R
2.0 %MW ™ O™ M 0 0 B
2120 8B W W M M 0 0 B
2.0 C TR B 11 0 0 B
.0 3 MW m o 0 0 3
o 8 MW ! M B 0 0 B ,
5.0 2 a3 = 26 0 0o B
2.0 2 MW ® B B 0 0 R )
2.0 B M3 m oW 0 ¢ B -
3.0 3 2w o} I W 0 0 B .
5.0 2 313 m owm I 0 !
%.0 3 M3 ¥ B M 0 0 2
3.9 8013 T B M 0 0 R -
2.0 2 0w X! M BB 0 )
1.0 2 N3 ! oz 25 0 0 2 -
.0 2 W m Mmoo 0 0 2 ;e
3.0 2 13 ! oM™ 0 0 2 S
3%.0 51333 X O™ M 0 0o N
7.0 2 MW ® M@ M 0 0 x .
.0 st o ¥ ™ 0 0 R
1.0 511 m ™ ™ 0 0 2 =
1.0 51 I @ Mm m 0 I
41.0 St X! ;R M 0 0 B ’
12.0 ST R TR B 0 0 B -
43.0 0 M3 3 @ 8 0 0 % o
a0 500 33 e 285 M 0 0 % e
45.0 T T R T B ) 0 &
4.0 ETET- TR . R 0 0 5 .
47.0 St s 1B 0 0 &5 L
280 0 M 76 2 gt 0 0 ,
9.0 50 A3 m In 0 o 9 .
0.0 % W w2 0 0o 9 _
51:0 0 1 w9 W8 29 0 0 9l
200 0 33 w2 26 0 o 9 :
53.0 33w 25 0 Tt .
'
]
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TEST DATE = 02/22/85 .

PROGRAM ENGINEER'S NAE HOMA )

TEST MUMBER 243.1

TEST DESCRIPTION NAVY' TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE ]

.  MWE WIS A AL LR  PPR  WSTF  CAL OUE DISPLAY STORAGE :

RMGE RWGE DD BATE b

0 T-(01  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES YES 1
i T-103  Des.F  TYPE K (SEGENTED) 0 0 0 0 YES )
5 TT-115 F o TYPE K (SEQENTED) 0 0 0 0 YES N0

5 TT-118  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES ] .
7 T-120  Des.F  TYPE K (SERENTED) 0 0 0 Y3 N0

8 PT-06  PSIG 2.155 8. 146850 0 10000 1 06/13/85  YES €5 .
5 PT-15  PSIA 9588 240390 0 300 109 orME  YES YE3
10 PT-28  P3IG 4.3054 - 155820 0 10000 2654  0S/08/8  YES NO
12 PT-1000  PSIA LT 2241900 0 300 110  07/25/%5  YES YES

15 PT-126  PSIA -3.5401 0 0 300 1303 07/25/85 YES Y3 t

17 INT.3 WLTS 0.0000 002440 0 0 0 2128 W YES )

18 IN.7 WLTS 00000 1002440 0 0 0 12/12/95 YES )

% V.P.  DEG. 00000 : 0 90 0 12/12/9%  YES YES ]
] T-201  Des.f  TYPE K (SEGMENTED) 0 0 0 YES 0

0 T-203  Des.F  TYPE K (SEQENTED) 0 0 0 0 YES N0 .

4 TT-304 TVPE K (SEGMENTED) 0 0 0 0 YES N :

Q TT-208  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N ;

s T-210  Des.F  TYPEK ( 0 0 0 0 YES 0 i

% T1-211  Des.F  TYPE 4 (SEGENTED) 0 0 0 0 YES ] i

PROGRAM VARIABLES STORED ON DISKETTE )

]

4

B

[

I‘

- ]

L

108




i i Vot g g S b et dad Sadl e b st it A S Aal i Salb il Al Sl el At e M i B A il A il Al b i i i M il “ai i A A T

—
L
L r
Y
-
[ ]
. TEST MMBER 243.( '
¥ me TT-101 PT-06 PT-19  PT-(00A PT-126 INT.8 INT.7 V.P. .
- SELS Des.F PSIG PSIA  PSIA  PSIA  VOLTS VLTS  DEG.
3 -9.0 $ 2 13 12 13 9 ' o
. -8.0 % Rl 12 12 13 0 0 ") 4
-7.0 59 313 12 12 13 0 0 » - d
-6.0 5% 313 13 12 13 0 0 X »
- 5.0 % ®oo12 12 13 0 0 X 1
A -4.0 80 33 12 12 13 0 0 » .
X -3.0 9 R 13 12 13 0 0 3 .
- -2,0 %9 A3 12 12 13 0 0 2 o
-1.0 60 33 12 12 13 9 0 » g
e 0.0 I ) 13 12 13 0 0 30
- 1.0 s7 313 k< 13 14 0 0 k] b
. 2.0 2 1 B < 15 15 0 0 X o
& 3.0 0 NI S 16 177 0 0 k' e
4.0 % 33 D 18 19 0 0 k") -
A 5.0 0 M ™ 20 2 0 0 X ( }
5.0 L T < 2 2 0 0 30 {
g 7.0 0 33 14 b 2 0 0 k] 4
- 8.0 59 313 po) pel 9 0 2 4
§ 9.0 9 33 3 bl 2 0 0 27 .
! 10.0 9 R B 2% 2 0 0 2%
- 11.0 s9 »1 k<] 27 27 0 0 2 1
12.0 60 N3 4 2 3 0 0 19 )
b 13.0 Y T B < < 3 3 0 9 15 K
3 14.0 0 33 0 3 >3 0 9 9 1
[" 15.0 7 321 k<] 30 0 0 0 3 >
A 16,0 0 33 0B 0 3t 0 0 0 2
Y 17.0 I 1 B << 3 3 0 0 0 o
1 18.0 T I - YO < < 3 k3 0 0 0 :
19.0 0 33 3V R n 0 0 9 .
r 20.0 59 33 I\ k<] u 0 0 0 .
- 21.0 % A3 W n 3 0 0 0 -
. 2.0 7w R ) k-] 0 0 0
b 2.0 7S 5 B < < 3 ] 9 0 0 -
b 4.0 7 MW R % % 0 0 0 .
: 5.0 57 313 W % % 0 0 0 -
26,0 -V T S < < 3% kY4 0 0 0 )
- 2.0 7 A3 7 k] 0 0 0 - 4
28.0 57 M3 X 8 K 0 0 0
2.0 59 33 I3 3 » 0 0 0 e
0.0 72 & T < < 8 » 0 0 0
3.0 % 33 3 » 39 0 0 0
3.0 T T T << 40 40 0 0 0 -
3.0 7 R Wy 40 41 0 0 0
.0 7 [ T << 4 4 0 0 0
3.0 S a3 X 4] 2 0 0 0 .
3.0 6 M X 8 2 0 0 0 .
37.0 S 1 B << Q 2 0 0 0 )
3.0 S8 M3 xR 43 43 0 0 0 !
¢ 39.0 6 33 43 0 0 0
K 40,0 6 33 X} “ “ 0 0 0 e
B - 41.0 L R TE B < < “ 45 0. 0 0 g
. 2.0 5 MW 00X 45 45 0 0 0 - o
s 43.0 T i B < < " 45 0 0 s R
) - 44,0 s W 0= 8 4 0 0 9 .
X 45,0 R T B < < % 4% 0 0 13 o
, 4.0 s X 4 % 0 0 15 -
S 47.0 s WX 4 4 0 0 It -
{ 48,0 S8 33 X} 47 4 0 0 21
- 9.0 C S K B < ! 47 t: 0 0 3
. 0.9 LI (B < <] 8 49 0 0 >
$1.0 54 3 kes 48 19 0 0 7
. 52.0 s RO 9 49 J 0 2
. 3.1 E S TE B < < 50 51 0 0 R
3 4.9 s ! frd »5 58 ) 0 »
s 5. CYOE TE B <! 7 3 b] 0 k<]
r'- 6.2 56 313 e b 7 b} /] k<]
- 7.9 DS T S <5, bl b 9 D) 3
d 8.0 b 312 heo) b} 8 J 0 X
| €9, S n =2 k! 154 ) M 3
- 50.v « 3y X 3 3 ) 3 3
3 51.) 4 213 oy 9 q b) b] a
b 2.8 = an: 2 8 e D] 0 ped
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TEST NUMBER 243.!

T TT-101 PT-06 PT-i9 PT-100A PT-126 INT.8 INT.7 V.,P,
SECS Des.F PSIG PSIA  PSIA  PSIA  VOLTS VOLTS  DEG.

3898318 HI
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TEST NUMBER
TEST DESCRIPTION

CHL. NAE
q 1T-101
{ T7-103
3 TT-113
] T-118
7 T-120
3 PT-08
9 PT-19
10 PT-28
12 PT-100R
13 PT-128
17 INT.8
18 INT.7
2 v.P.
3 TT-201
4 m-203
4l TT-204
3 17-208
45 m-210
% m-211

ZA2A2
DPHBOD

B

nhmmEm

FTETEY

02/22/8%

HOMA
243.11

VY

A0 Al

TUBE FLAVE PROPAGATION TEST, CARBON STEEL TUBE

PROGRAN VARIABLES STORED ON DISKETTE

VOO OOOCOTLOOOOOOOOO

CAL. DLE DISPLAY
DATE

0 YES
0 YES
0 YES
0 YES
0 YES
06/13/83  YES
07/24/85  YES
05/08/85  YES
07/25/85  YES
07/25/35  YES
12/1435 N0
12/12/85 ™
12/12/90  YES
0 YES
0 YES
0 YES
0 YES
0 YeS
0 YES
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TEST NUMBER 243.11

TINE

2.0

o s 0> et s s At m Bt 0
OO0 OCOLOOOOOCOOCOOOO

21.0

< b .
PO CLOCOCOOORCOOOOLOCOLCLT

kS

PARPRLRSELEEE LSS SBRBIRBR

17-101 PT-06 PT-19 PT-100A PT-126 INT.3 INT.7 WV.P.
Des.F PSIG PSIA PSIA  PSIA VLTS VOLTS DEG.
] 21 12 12 13 0 0 30
b4 33 12 12 13 0 0 0
39 U3 12 12 13 ] 0 0
b4 313 13 12 13 [ 0 K
% a3 12 12 13 9 9 30
b4 2t 13 12 13 0 0 0
9 33 12 12 13 0 0 kY
80 21 12 12 13 0 0 0
b4 313 13 12 13 0 0 k]
80 21 12 12 13 0 9 kY
39 u3 34 16 19 0 0 B
39 313 34 24 24 0 0 k4
40 13 3 R k<] ] 0 B
3 13 3 3 B 0 [\ 3
81 A3 3 % % 0 0 8
b1 313 3 3% » 0 0 r
81 a3 332 % k2 0 0 24
81 33 k<] k2 k24 9 0 2
80 13 32 3 B 0 0 20
80 13 k<4 k] 3 0 0 16
0 313 = 38 » 0 0 12
] a3 2 39 0 0 0 7
80 33 ksrd L] 0 0 0 0
60 313 332 L 40 0 0 0
59 313 2 4 M 0 0 0
&0 13 xR 41 2 9 0 0
¥ 13 32 42 2 0 0 0
7 13 32 2 (73 90 0 0
39 13 2 3 a9 0 0 0
39 13 k<] 3 “ 0 0 9
S7 13 k<7d 3 “ 0 0 0
7 33 k<] “ M 0 0 0
7 13 k<] “ 5 ] 0 0
7 U3 2 43 43 0 0 2
3% 313 m 3 3 9 0 3
S A3 32 46 % 0 0 4
3% U3 32 & 47 [ 0 3
% i3 kerd 4% 4 0 0 7
% A3 kerd 47 14 0 ] 7
k-] k1K) 32 47 47 0 0 8
by} A3 2 47 L34 ] 0 13
B A3 k<74 8 8 0 0 3
b 313 k7] 49 49 9 [ 3
3% 3 Bt 4 b=} 0 9 kY
% i3 k) 8l 8l ) 0 k<
37 33 1 [ 87 0 0 B
7 m B 58 89 0 0 ki
7 u3 B 68 134 0 0 2
7 313 k<]l o9 34 0 0 rsd
36 A3 i 70 70 0 [ 2
3% 313 ! 70 i 0 [ 23
3% 13 kel n n ] 0 2
3 13 Bl n n 0 0 2
36 A3 k<l 73 7 0 0 2
3 313 294 73 74 0 0 2
S 313 oA 74 74 0 0 23
B n3 hog K] 4 0 9 X
% A3 197 i) 4 0 ] X0
S n 173 " L] 0 9 0
s An3 1% 4 ] 0 0 k.
bal N3 139 K] " 0 9 X
b} n3 24 4 8 0 0 k.
4 3 12 73 4 0 0 0
bod a3 104 73 73 9 0 X
54 n3 ” n 2 0 ¢ 0
54 n3 L) n” n 0 0 k]
112

[N




B
| PSR

AR IRTH

TEST DATE = 02/22/8%
PROGRAM ENGINEER’S NAME HOMA
TEST NUMBER 243,12
TEST DESCRIPTION NAVY TUBE DOWNWARD FLAME PROPAGATION TEST, CARBON STEEL TUBE
o, NAE WITS A0 At LOMER  UPPER  WSTF CAL. UE DISPLAY  STORAGE
RANGE  RANGE 0 DATE X

0 T-10f  Des.F  TYPE K (SEGRENTED) 0 0 0 0 YES )
1 T-103  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 »
s T-118 s. TYPE K (SEGMENTED) 0 0 0 0 YES N0 5
b TT-118  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 a
7 TT-120  Des.F  TYPE K (SEGMENTED) 0 0 0 0 ¥ES N0 N
8 PT-06  PSIG 28,1555 9. 146850 0 10000 1758 06/13/85  YES YES 5
9 PT-19  PSIA .9538 . 240390 0 300 109 07/24/85  YES YES

10 PT-28  PSIG 6,3054 8. 155830 0 10000 2654  05/08/85

12 PT-100A  PSIA 1,477 . 241900 0 200 1110 07/25/85  YES YES =
15 PT-126  PSIA -3.9401 233270 0 300 1303 07/25/83  ¥YES YES ]
17 INT.8 VLTS 0.0000 -002440 0 0 0 12/12/85 YES )
18 INT.7 o VOLTS 0.0000 .002440 0 0 0 12/12/85 N0 5 .
2 P, 0EG. 00000 . 0 9% 0 12/12/90  YES YES .
3 TTI-201  Des.F  TYPE K (SEGMENTED) 0 0 0 YES N0

40 TI-203  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES NO

4 TT-204  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N

43 T7-208  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N
45 TT-210  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0 o
4% T-211  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N0

PROGRAM VARIABLES STCRED ON DISKETTE

B I SRS
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TEST NUMBER 243.12

TI TT-104 PT-06 PT~19  PT-1004 PT-126 INT.8 INT.7 V.P.
SECS Des.F PSIG PSIA  PSIA  PSIA VLTS VOLIS  DEG.

-,0 7T 3 13 12 13 0 0 20

-8.0 % 33 12 12 13 0 0 2

-7.0 i 1] 12 12 12 0 0 30

.0 T 11 13 12 13 0 0 30

5.0 7 32 13 12 12 0 0 k)

4.0 » 33 13 12 12 0 0 2

-3.0 % 33 12 12 13 0 0 0

<20 7 A3 12 12 12 0 0 2

1.0 % a3 12 12 13 0 9 2

4.0 ST M3 13 12 13 0 0 2

1.0 I T B < 13 14 0 0 2

2.0 % 33 4 15 13 0 0 %

X 7 W I 16 17 0 0 k")

4,0 ® N3 1 18 18 0 0 2

5.0 % M3 W 19 20 0 0 k)

6.0 < B 2 21 0 0 » .
7.0 0 33 12 2 2 0 0 2 .
8.0 0 M3 W 24 b 0 0 2 .

o 9.0 H W W bl s 0 0 2 .
10.0 0 U3 W@ = 2 0 0 27 .
11,0 I T I < 7 2 2 0 0 3 -
12,0 0 U3 W 2% 2 0 0 2 :
13,0 0 A3 @ 27 2 0 0 21 N
14,0 ® A3 W 2 3 0 0 17
15.0 W MW ! BB 0 0 14 ).
16.0 % N3 W 2 2 0 0 13 .
17.0 0 M3 32 ) 3 0 0 13
18,9 L & I < 30 3t 0 0 13
19.0 T T . <7 31 3 0 0 13
2.0 % U3 3 2 0 0 13 -
21,0 % A3 B/ krd R 0 0 13 EA
2.0 9 33 Bt x 3 0 0 13
23,0 % M3 Bt <] A 0 0 13 s
24,0 o A3 B’ 3 3 0 0 13 .
s, 7 A3 k1 33 0 0 13
26,0 L7 T < 3 3 0 0 12 ! 4
2.0 A T R - ) 3 3% 0 0 12
3.0 7 a3 B/ 3 3% 0 0 13 .
2.0 % M Bl 3 7 0 0 15 -
2.0 ETAR TE B <71 k4 3 0 0 16
31.0 72 T B < k- 3 0 0 7 -
2.0 s N3 Nt 3 » 0 0 18 <
3.0 % R B ¥ 3 0 0 19
3.0 7 a3 » » 0 0 19 -
3.0 % A3 N 0 © 0 0 20 —
3.0 % 33 [/ 4 I 0 0 2 l
37.0 7 M3 B at 4 0 0 20 4
8.0 5 313 <t 41 4 0 0 2 w9
9.0 5 33 3 2 2 0 9 >3 s
40,0 % a3 3 4% 4q 0 0 R

~ 41,0 7 M3 Bt 3 54 0 0 ke S
2.0 0 33 Bt 80 80 0 0 k< C
43.0 9 343 [ 62 83 0 0 A
44,0 % U3 Bt &2 &3 0 0 3
45.0 % A3 B 62 63 0 0 7 -
46,0 % A3 Bl 82 63 0 0 2 ~%
47.0 S 33 3| 83 63 0 0 2 [}
48.0 7 M3 B 63 83 0 0 19 - -
49.0 6 313 M 83 63 0 0 16
0.0 - S Tk B < 83 83 0 0 16
s1.0 TS TE T 83 " 0 ¢ 14
52,0 S8 33 i o4 o4 0 0 16 S
3.0 % A3 Bt o4 45 0 0 17
54,0 % 313 m oA & 0 0 18 ..
5.0 S a3 Bl o4 &5 0 0 18
5.0 % 33 ;| 4 I 0 9 18 K
7.0 % M3 I 63 0 0 19 <
8.0 b T R < T C R < 0 0o 1 ]
9.0 CTAR: T B <11 ' I 0 0 2 -
0.0 s 2 3l I & 0 0 X
6.0 S U3 1 63 5 0 0 2 .
620 s A3 I 67 67 9 0 L

[
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TEST MUMBER 243,12 .
TIE TT-101 PT-05 PY-19 PT-100A PT-126 INT.3 INT.7 V.P, -
SECS Des.F PSIG  PSIA  PSIA  PSIA  VALTS VOIS  DEG. .
83.0 S a3 W TS 7% 9 ' -
4.0 % 33 30 81 2 0 0 k<) 4
65.0 S6 M3 30 84 84 0 0 R }
6.0 % 33 20 8 85 0 0 ]
87.0 S 313 30 35 85 0 0 8 oA
8.0 7 N 30 & 8 0 0 b9]
89.0 % N3 B0 s S 0 0 2 e
70.0 % A3 10 % 85 0 Q = .
1.0 S5 33 30 g4 4 0 0 13 gy
72.0 S5 u3 0 o 8s 0 0 0 e
73.0 S W M 84 % 9 0 0 R
74.0 S 33 263 2% 83 0 0 0 -l
75.0 S u3 W 8 4 0 0 0 =~
76.0 s 33 2 8 B 0 0 0 L
7.0 S8 n3 27 ] 4] 0 0 0 R
78.0 S 313 8 82 ) 0 0
79.0 TR 1 B 2 ] 9 0 0 R
0.0 s u3 bl 81 81 0 0 0 U
81.0 & » 170 81 81 0 0 0 ~
2.0 5 33 20 81 0 0 9 .
.0 S 313 18 80 90 0 0 0 .
=3
3
)
: ]
- 1
K
b . p
m - L
3 ._1
h-' "\l
3
- RN
2 <
] '
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S B
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L ! ‘:i
b )
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' TEST DATE = 022188
) PROCRAN ENCINEER'S M e s
O TEST DESCRIPTION NAVY TUBE DOMMMRD FLAME PROPAGATION TEST. CARBON STEEL TUBE
- oo WE NS M At LR  WPER  #STF  CAL, DUE DISPLAY STORAGE
F RANGE  RANGE 1D BATE
e 0 TT-101  Des.f  TYPEK ¢ ) 0 0 0 0 YES YES
N 1 TT-103 .F TYPE K (SEGMENTED) 0 0 0 0 YES N
k 5 T-115 F TYPE K (SEGHENTED) 0 0 0 0 YES ]
- 6 TT-118  Des. TYPE K (SEGMENTED) 0 0 0 0 YES N
L-- 7 TM-120  Des.f  TYPE K (SEGMENTED) 9 0 e 0 YES W
. 8 PT-06  PSIG 28.1555 8. 146350 0 10000 1758 06/13/85  YES YES
9 PT-19  PSIA .98 .2 0 300 1109 07/24/85  YES YES
10 PT-28  PSIG 6. 2054 8. 155830 0 10000 2654  08/08/85 N
12 PT-1004  PSIA 11727 -241900 0 00 1110 0/25/85  YES YES
15 PT-126  PSIA -3.9401 .233270 0 300 103 01/2%/88  ¥ES YES
17 INT.8  VOLTS 0.0000 .002440 9 ) 0 12/12/8 N YES
18 INT.7 VLTS 0.0000 -002440 0 0 0 12/12/85 ¥ES
V.P. DEG. 0.0000 f 0 ] [ 12/12/90 YES YES
3 TT-201  Des.F  TYPE K (SEGMENTED) 9 0 0 YES N
b7 TT-203  Des.F  TYPE K (SEGMENTED) 0 9 0 0 YES N
I TT-204 Des.F  TYPE X (SEGRENTED) 0 0 0 0 YES N
Q T1-208  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N
I TT-200  Des.F  TYPE K (SEGMENTED) 9 0 0 9 YES N
% T-2{1  Des.F  TYPE K (SEGMENTED) 0 0 0 0 YES N ‘
. PROGRAY VARIABLES STORED ON DISKETTE N
J
5
4
]
3
~
.3
3
o
= n
A
R
-]
g
-]
K
-3
fj
n
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TEST MMBER 243.13
e TT-101 PT-06 PT=19 PT-100A PT-126 INT.8 INT.7 V.P.
SELS Des.F PSIG PSIA PSIA PSIA  WLTS WOLTS DEG. 1
-9,0 81 3 12 12 13 0 9 pr ) -
.0 50 13 12 13 0 0 2 d
-7.0 0 313 12 12 13 0 0 bed
-6.0 Y - 12 12 12 0 0 X ~9
5.0 80 1 13 12 12 0 0 k]
-4,0 0 313 12 12 13 0 0 0 -
-3.0 0 313 13 12 12 0 0 0
-2.0 0 Rt 13 12 13 0 0 2 -
-1.0 0 33 13 12 12 0 9 30 ]
0.0 0 I 12 12 13 0 0 30 .
1.0 60 321 17 14 14 0 0 ) R
2 0 333 3B 16 16 0 0 3 ]
3.0 6l 33 B 19 19 0 0 k1
4.0 0 N3 3B 2 2 0 0 3
5.0 2 M3 X5 24 24 0 0 A -
8.0 o1 A3 XS 2% 2% 0 0 30 .
7.0 4 33 S 2 2% 0 0 2 .
8.0 5l A3 M 2 2 0 0 b=l )
9.0 81 313 A 28 28 0 0 2
10.0 L 33 B4 28 2 0 0 20 N
11,0 ol 33 3 2 2 0 0 15 .
12 0 33 2 2 0 0 10 .4
13, 0 AT ) A 0 0 4 N
. 0 33 s 3 31 0 0 0
15.0 sl T < 3 31 0 0 0
16,0 1 3t <l x» k74 ] 0 0 3
17.0 0 M3 B4 R k<] 0 0 0
A 0 33 T k<] k<] 0 0 0
19.0 59 33 34 k<] n 0 0 0 .
20.0 0 33 2 kS -] 0 0 0 .
21.0 5 2t 3 n k] 0 0 0 :
.0 0 33 A k-] k] 0 0 0 -
.0 59 32 3 3 k] 0 0 0 -
24,0 Lo /s S < | 3% 3% 0 0 0 -
2.0 50 313 k<] 3% 37 0 0 0 —
26,0 O ¥ T < 7 k] Q 9 0
. 2.0 59 1 3 k-] B 0 0 0 -3
2.0 % 33 N ] » 0 0 0
2.0 5 33 I ® ¥ 0 0 2
2.0 5% 33 B 3 4 0 0 3
3.0 9 33 A 3 40 0 0 3
. 59 33 B4 40 40 0 0 3
.0 80 33 4 40 4 0 0 3 R
.0 55 33 B 4 4 0 0 3 J
.0 9 33 3 41 2 0 0 3 g
3.0 E I T B < 2 2 0 0 3 !
37.0 59 A3 3 42 42 0 0 3
8.0 ST 33 B 2 2 0 0 5
3.0 57 33 3 43 0 0 1
- 40,0 5T 2 4 3 43 0 0 16
4.0 57 33 1M “" " 0 0 2
42.0 5% A3 M 4 4 0 0 3
43,0 ST N3 B/ i % 0 0 R
44,0 57 33 A 50 50 9 0 3
45.0 5T 32 <<} 54 54 0 0 k<]
46,0 O T B << 58 59 0 0 3
47.0 N T B << sl 62 0 0 R
48,0 A | I < <} 62 63 0 0 %
49,0 59 A3 X 62 83 0 0 2
50.0 C7A T B < <] 62 83 0 0 b3
51.0 % N3 X3 62 63 0 0 27
52.0 LA & B < < 62 62 0 0 7
53.0 5% 321 3 63 83 0 0 3
54,0 YA T B < < o4 54 0 0 2
55.0 7 A3 Xy 54 5 0 0 bod
56.0 5% 33 3B 65 5 0 0 2
51.0 57 313 33 6 87 0 0 2
8.0 7T 33 ™ 1%} 8 0 0 k)
59.0 7 33 2% 58 68 0 0 30
40,0 ST 33 M 8 48 0 0 2
61.0 7 33 21 69 69 0 0 30
62.0 57 n3 186 59 49 0 0 0
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TEST NMBER  243.13 ‘
i

TIE T1-101 PT-06 PT-19 PT-100A PT-126 INT.8 INT.7 V.P.
SECS Des.F PSIG PSIA PSIA  PSIA VLTS WOLTS DEG.
83.0 7 313 154 89 69 ] 0 2
4.0 57 A3 146 89 &9 0 9 k.
.0 % 313 129 34 0 0 30

.0 56 313 119 48 ] 0 0 30
87.0 3% 3 103 68 68 0 0 30
83.0 3% 313 93 87 67 0 0 X
§9.0 S 313 s 87 &7 0 0 k]
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TEST JATE = 02/22/85
PROGRAM ENGINEER’S NAME HIMA
TEST MMMBER 243,14
TEST DESCRIPTION NAVY TUBE UPWARD FLAME PROPAGATION TEST. CARBON STEEL TUBE
CHL. NAE NITS A0 Al LOWER UPPER WSTF CAL. DUE DISPLAY  STORAGE
RANGE RANGE D DATE
0 TT-101  Des.F TYPE K (SEGMENTED) 0 0 9 0 YES YES
{ T7-103  Des.F TYPE X (SEGMENTED) 9 0 0 0 YES N0
5 TT-11S  Des.f TYPE X (SEGMENTED! 9 ] 9 ¢ YES NO
[ TT-